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The research results described in the following summaries were submitted by
the investigators on May 16, 1986 and cover the 6-months period from

May 1, 1986 through October 31, 1986. These reports include both work
performed under contracts administered by the Geological Survey and work by
members of the Geological Survey. The report summaries are grouped into the
three major elements of the National Earthquake Hazards Reduction Program.

Open File Report No. 87-63

This report has not been reviewed for conformity with USGS editorial standards
and stratigraphic nomenclature. Parts of it were prepared under contract to
the U.S. Geological Survey and the opinions and conclusions expressed herein
do not necessarily represent those of the USGS. Any use of trade names is for
descriptive purposes only and does not imply endorsement by the USGS.

The data and interpretations in these progress reports may be reevaluated by
the investigators upon completion of the research. Readers who wish to cite
findings described herein should confirm their accuracy with the author.
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Southern California Seismic Arrays
Cooperative Agreement No. 14-08-0001-A0257

Clarence R. Allen and Robert W. Clayton
Seismological Laboratory, California Institute of Technology
Pasadena, California 91125 (818-356-6912)

Investigations

This semi-annual Technical Report Summary covers the six-month period
from 1 April 1986 to 30 September 1986. The Cooperative Agreement's purpose
is the partial support of the joint USGS-Caltech Southern California Seismo-
graphic Network, which is also supported by other groups, as well as by direct
USGS funding to its own employees at Caltech. According to the Agreement, the
primary visible product will be a joint Caltech-USGS catalog of earthquakes in
the southern California region; quarterly epicenter maps and preliminary
catalogs have been submitted as due during the Agreement period. About 250
preliminary catalogs are routinely distributed to interested parties.

Results

Figure 1 shows the epicenters of all cataloged shocks that were
located during the six-month recording period, although, because of the
unusually high activity during the period, many smaller shocks still remain to
be processed. Some of the seismic highlights of this period were:

Number of earthquakes fully or partially processed: 5917

Number of earthquakes of M = 3.0 and greater: 445

Number of earthquakes of M = 4.0 and greater: 57

Number of earthquakes of M = 5.0 and greater: 9

Largest event within network area: M = 5.6 (8 July, North Palm Springs)

Number of earthquakes reported felt: 60

Number of earthquakes for which systematic telephone notification to
emergency-response agencies was made: 12

This was an unusually active period in southern California seismicity.
Not only was the North Palm Springs earthquake of 8 July (ML = 5.6) a widely
felt and locally damaging event, but the offshore Oceanside earthquake (M =
5.3) 5 days later, on 13 July, was also felt over a surprisingly wide area of
southern California. Seven days following that event, the Chalfant Valley
earthquake (M;, = 6.2) occurred north of Bishop, California, and although it
was technically outside of our area of network responsibility, it caused even
further public interest and concern. Each of these three earthquakes has had
numerous felt aftershocks which continue to this writing.

Studies of the North Palm Springs earthquake (Jones et al., in press)
indicate that it probably occurred on the Banning fault , which is an east-
trending, north-dipping thrust fault in the San Gorgonio Pass area but
steepens in dip as it changes to a southeasterly trend toward the southeast
into the Coachella Valley-Salton Sea area. The North Palm Springs earthquake
occurred in this transition zone, at a depth of 11.3 km (Fig. 2). The focal
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mechanism of the main shock indeed indicates a northerly fault dip of about
45°, but, surprisingly, the displacement was almost pure strike slip.
Aftershock locations support the concept of a north-dipping rupture zone.
Relocation of the 1948 Desert Hot Springs earthquake (My = 6.5), formerly
thought to have occurred on the Mission Creek fault, suggest that it, too,
occurred on the Banning fault, in the segment abutting that of the North Palm
Springs earthquake to the southeast (Nicholson et al., in press).

The offshore Oceanside earthquake of 13 July occurred about 45 km
southwest of Oceanside, California, in the vicinity of a number of northwest-
trending faults in the San Diego trough (Fig. 1). The short-period focal
mechanism indicates right-lateral displacement on a fault of somewhat more
northerly strike. The earthquake was widely felt in both the San Diego and Los
Angeles metropolitan areas, and the epicentral area has been one of continuing
moderate seismic activity during the history of seismographic recording in
southern California.

Publications

Jones, L. M., Hutton, L. K., Given, D. D., and Allen, C. R., in press, The
North Palm Springs earthquake sequence of July 1986: Seismol. Soc. America
Bull.

Nicholson, C., Wesson, R. L., Given, D., Boatwright, J., and Allen, C. R., in
press, Aftershocks of the 1986 North Palm Springs earthquake and relocation of
the 1948 Desert Hot Springs earthquake sequence [abstract]: Am. Geophys. Union
1986 Fall meeting, San Francisco.
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Fig. l1.--Epicenters of larger earthquakes in the southern California region,
1 April to 30 September 1986.
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SALTON SEA

Fig. 2.--Epicenters of the North Palm Springs earthquake sequence (center),

sandwiched between the traces of the Banning fault to the south and the

Mission Creek fault to the north.




Regional Seismic Monitoring Along the Wasatch Front Urban
Corridor and Adjacent Intermountain Seismic Belt

14-08-0001-A0265

W. J. Arabasz, R.B. Smith, J.C. Pechmann, and E.D. Brown
Department of Geology and Geophysics
University of Utah
Salt Lake City, Utah 84112
(801) 581-6274

Investigations

This cooperative agreement supports "network operations" (including a
computerized central recording laboratory) associated with the University
of Utah 80-station regional seismic telemetry network. USGS support
focuses on the seismically hazardous Wasatch Front urban corridor of
north-central Utah but also encompasses neighboring areas of the
Intermountain seismic belt between Yellowstone Park and southernmost Utah.
The State of Utah, the U.S. Bureau of Reclamation, the National Park
Service, and the U.S. Geological Survey Volcanic Hazards Program also
contributed support to operation of the University of Utah network during
the report period.

Primary products of this USGS cooperative agreement are quarterly
earthquake catalogs and a semi-annual data submission, in magnetic-tape
form, to the USGS Data Archive.

Results

1. Network Seismicity

Figure 1 shows the epicenters of 207 earthquakes (M < 4.1) located in
part of theoUnlvermty of Utah stugy area designated the "Utah region"
(lat. 36.75 -42. 5°N long. 108.75°-114.25 W) during the six-month period
April 1 to September 30, 1986. The seismicity includes six shocks of
magnitude 3.0 or greater, several areas of spatial clustering, and two felt
events,

The largest earthquake during the report period, M4.1l, occurred on
August 22, and was located 32 km southeast of Bullfrog Basin in
southeastern Utah at 37°27. 2N, 11031.5W. This earthquake occurred in a
sparsely populated area and was not reported felt. An earthquake of M3.5
on September 19, located roughly 30 km south of Logan, Utah, was felt in
the southern Cache Valley. The second felt earthquake was a shock of M3.2
on August 29, felt in Preston, Idaho, just north of the Utah border; the
shock was located 16 km east of Preston at 42%. 4N, 111939.2w.



I-1

The epicenters shown in Figure 1, including several spatial clusters,
reflect typical earthquake activity scattered throughout Utah's main
seismic region. A cluster 20 km east of Ogden is associated with an M3.6
event which occurred on June 5. Clustered epicenters located 50 km
southwest of Richfield, Utah, are close to the Roosevelt geothermal field,
which has exhibited episodic swarm activity in the past.

2. Network Upgrading

During the report period, extensive field-construction efforts were
made as part of a project to upgrade six single~component stations of the
University of Utah seismic network to high-quality four-component stations.
Vandal-proof vaults at all of these stations have been designed to house a
vertical-component Geotech S-13 seismometer recording on both high- and
low-gain channels, plus two matching horizontal-component S-13
seismometers. A seventh station, DUG, was upgraded to a matching six-
component station (3 high-gain and 3 low—gain) in August 1985. Vaults are
in place for 5 of the 6 four-component stations, and multicomponent digital
recording is in effect for two of the stations—plus that for station DUG.
The selected stations are spaced roughly 75-150 km apart and were chosen on
the basis of site quality and location. Three are located in abandoned
mine tunnels and the other four are buried in concrete enclosures.

The multicomponent scheme was designed to provide on-scale digital
recordings at several stations throughout the Wasatch Front area for
earthquakes of M3.0 or less, and at least two on-scale digital records at
distances less than 100 km for earthquakes of M4.0 or less. The scheme is a
relatively inexpensive one for addressing the low-dynamic-range problem of
short-period telemetry networks and allows straightforward recording with
our PDP-11/34 event-detection algorithm.

Reports and Publications

Brown, E.D., 1986, Utah earthquake activity: Wasatch Front Forum, U.S.
Geological Survey, v. 2, no. 3, p. 7.

Brown, E.D., 1986, Utah earthquake activity: Survey Notes, Utah Geological
and Mineral Survey, v. 19, no. 4, p. 6 (October-December 1985); v. 20,
no. 2, p. 8 (January-March 1986); v. 20, no. 2, p. 10 (April-June 1986).

Brown, E.D., Arabasz, W.J., Pechmann, J.C., McPherson, E., Hall, L.L.,
Oehmich, P.J., and Hathaway, G.M., 1986, Earthquake Data for the Utah
Region, January 1, 1984 to December 31, 1985: Special publication,
University of Utah Seismograph Stations, Salt Lake City, 83 p.
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Seismological Data Processing
9980-03354

Barbara Bekins and Thomas Jackson

Branch of Seismology
U.S. Geological Survey
345 Middlefield Rd. MS 977
Menlo Park, California, 94025
(415) 323-8111 ext. 2965

Investigations

Computer data processing is now an integral part of seismological research. The
purpose of this project is to provide for general purpose and specialized computer data
processing systems to meet the research computing needs of scientists in the earth-
quake prediction program and monitor earthquakes in northern California. This goal
includes providing for transfer of data and programs between computers over data net-
works and facilitating sharing of data and programs with USGS external contractors.

To meet the stated project goals, this project has responsibility for maintaining
and enhancing existing computer systems and planning and purchasing new systems.
Existing systems include a PDP 11/70 UNIX system, a VAX 750 VMS system, two
Data General Eclipse systems, a Motorola 68020 UNIX system, a VAX 785 VMS sys-
tem, and two PDP 11/44 RSX systems. These systems presently perform a variety of
functions such as digitizing of analog tapes, real-time monitoring of Northern and Cen-
tral California seismicity, and general purpose research computing. All of these sys-
tems are connected via various networking schemes including Ethernet, phone links to
other sites, and dedicated direct connections. This project is also responsible for
assessing the need for new network connections, selecting appropriate hardware, and
adding and maintaining connections.

Recent work has been focused on four main efforts. The first is enhancing per-
formance of the VAX 750 system to handle increased waveform data anticipated as a
result of the Parkfield Prediction Experiment. The second is migrating users and real-
time monitoring functions from the PDP 11/70 UNIX system to the new Integrated
Solutions Motorola 68020 UNIX system. The third is networking the VMS VAX sys-
tems and the UNIX systems on ethernet. The fourth is planning for uninterrupted data
processing and real-time monitoring while asbestos is removed from the beams in the
building.

Results

Enhancing the performance of the VAX 750 VMS system involved first monitor-
ing the system to determine the best way to improve user response time. From the
results of this monitoring a decision was made to purchase more memory, new termi-
nal port boards, and additional disk drives. The new memory has been installed and
resulted in a marked performance increase. The system now has the maximum allowed
amount of eight million bytes of memory. The new terminal ports have been delivered
and will be installed shortly. These ports are expected to provide a five percent perfor-
mance increase. New disk space totaling 1.2 billion bytes is also planned for the sys-
tem. This added space will facilitate research using digital seismic data. Finally the
ability to read in digital seismic data from an analog-to-digital converter has recently
been implemented on the system. This will provide for research using seismic traces
currently stored on analog tape.
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The migration of users and programs from the PDP 11/70 UNIX system to the
Integrated Solutions system is continuing. At this point about 50 percent of the users
and programs have been moved. The system is still performing very well under this
load with an average of three to four simultaneous users. Eventually the system must
accommodate six simultaneous users. Some questions remain about the difference
between the IEEE floating point standard and the DEC floating point format. Various
floating point test and evaluation routines have been investigated. Future plans for the
system include installing the IMSL subroutine package, the Maxima system for simpli-
fying and expanding mathematical expressions, and a laser printer.

The networking of the VMS VAX systems and the UNIX systems is nearly com-
plete. From the VAX 785, VAX 750, and the Integrated Solutions UNIX system, users
may request a connection and login via Ethernet to the other systems. File transfers
may also be requested to or from a remote machine. Future plans include adding this
capability to an IBM PC-AT and implementing an electronic mail facility which will
forward mail sent on any system to the recipient’s preferred computer system via the
Ethernet.

Planning for asbestos removal in the building has moved to high priority. Start-
ing in February, 1987, three public terminal rooms will be established using existing
terminals. Existing and new laser printers will be used for printer output. The com-
puter equipment will remain running at all times with restricted access to the com-
puter room. Operators will be trained to mount tapes and operate the existing line-
printers. Altogether Seismology Branch will require standby computing facilities for
six months.
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Earthquake Prediction Experiments

In the Anza-Coyote Canyon Seismic Gap
14-08-0001-A0258

Jonathan Berger and James N. Brune
Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego
La Jolla, CA 92093

1. Investigations

This report covers the progress of the research investigating the Anza-Coyote Canyon
seismic gap for the period of the first half of 1986. The objectives of this research are: 1) To
study the mechanisms and seismic characteristics of small and moderate earthquakes, and 2) To
determine if there are premonitory changes in seismic observables preceeding small and
moderate earthquakes. This work is carried out in cooperation with Tom Hanks, Joe Fletcher
and Linda Haar, of the U.S. Geological Survey, Menlo Park.

2. Network Status

During the period of this report, ten stations of the Anza Seismic Network were telemeter-
ing three component data. The network was set at a low gain for most of the time of this
report to try to record earthquakes up to magnitude 4 occurring inside the array.

There were no significant modifications to the data acquisition equipment.

3. Seismicity

In the six months of winter and spring, the Anza network recorded over 50 events which
were large enou%h to locate and determine source parameters. These events had moments rang-
ing from 1X10 8 to 1.4x10% dyne-cm, and stress drops ranging from about 1 to 100 bars
(Brune model). The seismicity pattern seems unchanged from what has been observed before
(Figure 1). The seismicity does not appear to be associated with the main trace of the San
Jacinto fault on the north-west end of the array. These events in this area tend to be between
the Hot Springs fault and the San Jacinto fault at depths of 12 to 19 km. The events on the
south-east end of the array near the trifurcation of the San Jacinto fault also do not have any
obvious associations with the identified fault traces. These earthquakes are occurring at depths
between 8 and 12 km. The shallowest events are still occurring in the Cahuilla area.
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4. Data Analysis

4.1. Studies of the 30 Hz Energy of Earthquakes

During the period of this report we made observations of 30 Hz spectra of P-waves from
numerous earthquakes, covering a range of locations and magnitudes and compared these obser-
vations with various theoretical predictions, including the Archambeau (1968, 1972) stress relax-
ation model, which has been used in a recent article by Evernden et al. (1986) proposing a
method for discriminating underground nuclear explosions from earthquakes.

One of the factors of crucial importance in the Evernden et al. proposal is the shape of the
P-wave spectrum beyond the corner frequency, which is the focus of our studies. The Archam-
beau (1968, 1972) model predicts a high-frequency fall-off, beynd the corner frequency, propor-
tional to w 3. For simplicity in this paper we will refer to the model as the W3P model ((x)_3
fall-off for P-waves). This kind of a fall-off has a paradoxical result that for a given stress drop
very large earthquakes do not radiate any more high-frequency energy than small earthquakes
(my=1.8), a consequence of the fact that the low-frequency spectral level is proportional to the
cube of the source dimension, this being exactly cancelled out by the 2 fall-off from the
corner frequency (which decreasees linearly with the source dimension). In the Evernden et al.
earthquake model the » ™3 fall-off of the P-wave spectrum for earthquakes, being different from
an @~ 2 fall-off for explosionss, is proposed as acting to enhance the discrimination achievable
from the differences in P-wave corner frequencies between comparable earthquakes and explo-
sions (comparable in that they have the same low-frequency P-wave amplitudes).

The primary sources of data used in this study include events recorded on the Anza array
and events from the Mammoth Lakes swarm (Archuleta et al., 1982; Priestley et al., 1986; Pri-
estley and Brune, 1986). Because the Anza array sites are on solid rock we expect little distor-
tion due to attenuation and site effects. We also have strong motion data for two earthquakes,
a M=5.0 and a M=4.7, which occurred prior to the installation of the Anza array.

Additional data include some events recorded at Anza but occurring outside the array with
hypocentral distances of about 30-100 km, where at least four station recordings were available
to average. These off-array events were corrected for attenuation, using a ¢ of 500.

Our results are summarized in Figure 1, a plot of observations of spectral density at 30 Hz,
corrected to a distance of 10 km (hypocentral distances) and plotted as a function of moment.
The results show the €}(30) spectrum increasing linearly with moment up to about 10'? dyne-
cm. This is expected for any source model, since for moments lower than 10'° dyne-cm the
source dimensions are small compared to the wavelength for 30 Hz P-wave energy (approxi-
mately 200 meters). These small events have corner frequencies higher than 30 Hz, so {}(30)
scales with moment. For moments above about 10?° dyne-cm, the W3P model predicts the
spectral values will remain constant, whereas the data show a clear continuing increase with
moment, approximately proportional to M 01/3, as would be expected from a constant stress
drop W2P model (high-frequency fall-off for P-waves beyond the corner frequency proportional
to @ 2). Thus the data clearly indicate that large earthquakes (Mg >10%! dyne-cm) radiate
much more 30-Hz energy than small earthquakes (My=10%® dyne-cm).

11
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Central Aleutian Islands Seismic Network

Agreement No. 14-08-0001-A0259

Selena Billington and Carl Kisslinger
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309

(303) 492-6042

Brief Description of Instrumentation and Data Reduction Methods

The Adak seismic network consists of 13 high-gain, high-frequency,
two-component seismic systems and one six-component system (ADK)
located at the Adak Naval Base. Station ADK has been in operation since
the mid-1960s; nine of the additional stations were installed in 1974, three in
1975, and one each in 1976 and 1977.

Data from the stations are FM-telemetered to recording sites near the
Naval Base, and are then transferred by cable to the Observatory on the
Base. Data were originally recorded by Develocorder on 16 mm film; since
1980 the film recordings are back-up and the primary form of data recording
has been on analog magnetic tape. The tapes are mailed to CIRES once a
week.

At CIRES the analog tapes are played back at four-times the speed at
which they were recorded into a computer which digitizes the data, automati-
cally detects events, and writes an initial digital event tape. This tape is
edited to eliminate spurious triggers, and a demultiplexed tape containing
only seismic events is created. All subsequent processing is done on this tape.
Times of arrival and wave amplitudes are read from an interactive graphics
display terminal. The earthquakes are located using a program developed for
this project by E. R. Engdahl, which uses corrections to the arrival times
which are a function of the station and the source region of the earthquake.

Data Annotations
A major earthquake (MS 7.6) occurred immediately to the east of the

network coverage area on May 7, 1986 (at 22:47). A discussion of the predic-
tion of that earthquake and subsequent investigations to date is published
under the report for Grant No. 14-08-0001-G1099 (Kisslinger) elsewhere in
this issue. Hundreds of aftershocks of that earthquake occurred within the
network coverage area. At the time of this writing, the local catalog of hypo-
centers is still incomplete for the immediate time period following the
mainshock. However, several hundred hypocenters have been located so far
in the area of network coverage during the first 24 hours after the mainshock.
This report will cover the time period of January through May 8, 1986,
although we are still in the process of locating aftershocks which occurred on
May 8.
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The network was serviced from mid-July through September, 1986.
Because of major logistic problems, two of the westernmost stations could not
be reached at that time, and we were also unable to make a needed return
trip to one other far-west station. Of the 28 short-period vertical and hor-
izontal components, 21 were operating for most of the period of January
through May 8, 1986. Near the end of the time period being reported, AD3
and AD5 were intermittent. By the end of the 1986 summer field trip to
Adak, 23 of the 28 components were operating (AK2z, AK5h, AD3 and AD5
having been brought back up).

Current Observations

372 earthquakes have been located so far with data from the network
during the time period from January through May 8, 1986. Of these, 157
occurred between January 1 and the time (20:43) of the Mg 6.0 foreshock of
the May 7 mainshock, and 215 are the aftershocks to these two events located
to date. Epicenters of all these events are shown in Figure 1 and a vertical
cross-section is given in Figure 2. So far, 19 of the events located with data
from the Adak network in this time period were large enough to be located
teleseismically (USGS PDEs), of which 16 occurred on May 7 and May 8 and
are foreshocks and aftershocks to the May 7 earthquake. A number of other
teleseismically located aftershocks within the network region are difficult for
us to locate due to their arrivals being masked by the codas of other aft-
ershocks. Work on locating these and other earthquakes on May 8 continues.
No attempt is being made to locate aftershocks with duration magnitudes
(mg) of less than 2.3.

More detailed information about the network status and a catalog of the
hypocenters determined for the time period reported here are included in our
semi-annual data report to the U.S.G.S. Recent research using these data is
reported in the Technical Summary for U.S.G.S. Grant No. 14-08-0001-
G1099.
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Figure 1: Map of seismicity which occurred from January 1 through May 8,
1986. All epicenters were determined from Adak network data. Events
marked with squares are those for which a teleseismic body-wave magnitude
has been determined by the USGS; all other events are shown by symbols
which indicate the duration magnitude determined from Adak network data.
The islands mapped (from Tanaga on the west to Great Sitkin on the east)
indicate the geographic extent of the Adak seismic network.
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Figure 2: Vertical cross section of seismicity which occurred from January 1
through May 8, 1986. Events are projected according to their depth
(corresponding roughly to vertical on the plot) and distance from the pole of
the Aleutian volcanic line. The zero-point for the distance scale marked on
the roughly-horizontal axis of the plot is arbitrary. Events marked with
squares are those for which a teleseismic body-wave magnitude has been
determined by the USGS; all other events are shown by symbols which indi-
cate the duration magnitude determined from Adak network data. The irreg-
ular curve near the top of the section is bathymetry.
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Regional Seismic Monitoring in Western Washington
14-08-0001-A0266

R.S. Crosson and S.D. Malone
Geophysics Program
University of Washington
Seattle, WA 98195
(202) 543-8020

Investigations

Operation of the western Washington regional seismograph network and routine preliminary
analysis of earthquakes in western Washington are carried out under this contract. Quarterly
catalogs of seismic activity in Washington and Northern Oregon are available for 1984, 1985, and
the first two quarters of 1986. These catalogs are funded jointly by this contract and others. The
University of Washington operates approximately 80 stations west of 120.5° W. Twenty eight are
funded under this contract including a new station, CMW (Cultus Mountains), installed in the
Skagit Valley in June 1986.

Data are provided for USGS contract 14-08-0001-G1080 and other research programs.
Efforts under this contract are closely related to and overlap objectives under contract G1080,
also summarized in this volume. Publications are listed in the G1080 summary. This summary
covers a six month period from April 1, 1986 through September 30, 1986. During this period the
U.W. seismic network located 738 events west of 120.5°W. Only 415 events were located during
the preceding six months. This increase was due to seismicity associated with the extrusion of a
new lobe at Mt. St. Helens in May. Excluding Mt. St. Helens, 315 earthquakes were located west
of 120.5° W, compared to 309 in the preceding six months. The dome building eruption took
place between May 3 and May 20. During the six months covered by this summary, the largest
earthquake located in western Washington was a M 3.5, which occurred on July 8, at 60 km
depth, about 20 km south of Anacortes near the Saratoga Passage. This earthquake had a focal
mechanism indicating normal faulting; it was also the deepest earthquake located in Washington
during the summary period.
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Central California Network Operations
9930-01891

Wes Hall
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2509

Investigations

Maintenance and recording of 324 seismograph stations (393 compomnents) located
in Northern and Central California. Also recording 71 components from other
agencies. The area covered is from the Oregon border south to Santa Maria.

Results

1'

Modified and installed one hundred-nine (208) VCO/AMPS for greater
frequency stability; temperature stability; and dynamic range.
114 ea J302M to J302ML

1l ea J402 to J402ML

80 ea J402 to J4O02H

13 ea J502

Installed two way microwave data channel to Department of Water Resources
(DWR) via Corps of Engineers Microwave System.

Established two way microwave voice channel to Hog Canyon (PHO) and Car
Hill (PCH). This aids communication between USGS personnel in the
Parkfield area and Menlo Park.

Install base for new microwave tower at Mt. Tamalpais.
Install 3-component FBA units at PMM, PHO, PCH.

Reduce number of develocorders from five(5) to three(3).
Compile data base consisting of the following items.

a) discriminator number
b) station ID

c) VCO freq and type

d) radio info

e) signal pair

£) CuUsp

g) RTP/PRO

h) tape channel

i) discriminator type

This data base is sorted by items a, b, e, £, g, and h.

8.

9.

Compile data base of Telco drop locatioms.

Ordered parts for 250 ea., J502A VCO/AMPS.

19



ALASKA SEISMIC STUDIES
9930-01162

John C. Lahr, Christopher D. Stephens, Robert A. Page
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2510

Investigations

1) Continued collection and analysis of data from the high-gain, short-period
seismograph network extending across southern Alaska from the volcanic arc
west of Cook Inlet to Yakutat Bay, and inland across the Chugach mountains.

2) Continued monitoring in the region of the proposed Bradley Lake
hydroelectric project on the southern Kenai Peninsula, a cooperative effort
with the Alaska Power Authority.

3) Cooperated with the Branch of Engineering Seismology and Geology in
operating 19 strong-motion accelerographs in southern Alaska, including 13
between Icy Bay and Cordova in the area of the Yakataga seismic gap.

Results

1) During the past six months preliminary hypocenters have been determined for
1353 earthquakes that occurred between February and July, 1986 (Figure 1).
This total is nearly 400 lower than for the previous six month period, but
this decrease most likely results from two systematic changes: a higher
detection threshold in the eastern part of the network due to reduced
telemetry capacity and to telemetry failures, and, beginning in May,
relaxation of criteria to preferentially include small (duration magnitude,
Mp < 2) shocks occurring along the Castle Mountain fault and beneath western
Prince William Sound. Fifteen shocks have magnitudes of at least 4.0 mp,

and the largest has a magnitude of 4.9 my. A1l but one of these larger
shocks occurred at depths of 50 km or greater within the Wadati-Benioff zone
of the subducted Pacific plate beneath the Cook Inlet area. The other larger
event has a magnitude of 4.7 my and was located at shallow depth (above 30
km) within the aftershock zone of the 1979 St. Elias earthquake near the
U.S.-Canada border northeast of Icy Bay.

Earthquakes located shallower than 30 km (Figure 2) along the volcanic arc
west of Cook Inlet, along and north of the Castle Mountain fault system,
beneath northern Cook Inlet, along the Denali fault system, and beneath the
Wrangell volcanoes clearly represent crustal activity within the overthrust
North American plate. Two unusual swarms of crustal seismicity occurred in
June and July at nearly identical locations about 10 km south of Talkeetna
near 62.25°N, 150.25°W. For the June sequence, seven shocks of at least 1.9
Mp were located, the largest being 3.0 Mp. In July, seven shocks ranging
in magnitude from 2.0 to 3.2 Mp were located. The four largest shocks from
these swarms were also felt at Talkeetna. From August 28 to September 10,
four event-triggered seismic recorders (ELOG's) were deployed in the
epicentral area of the Talkeetna seismicity in an effort to obtain better
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hypocenter control for any continuing activity. The records obtained from
this experiment are currently being analyzed, but at least six nearby
earthquakes triggered three or more stations.

Relatively few earthquakes associated with the March 27 and later eruptions of
Augustine volcano in southern Cook Inlet (Figure 2) were detected by stations
of the USGS seismograph network. Only one event near Augustine, a magnitude 2
Mp shock that occurred on March 26, was large enough to be located by the
regional network. This is in marked contrast to the 1976 eruptive episode in
which the initial eruption was accompanied by an energetic earthquake swarm
including over 250 events with magnitudes between 2.0 and 2.5 (Reeder and
Lahr, in press). The epicenter for the one located event from 1986 determined
using only regional stations was about 10 km southwest of the volcano, but the
addition of readings from seismographs operated by the Geophysical Institute
of the University of Alaska on the volcano moved the location to a few
kilometers below the volcano. Tremor from major eruptive episodes of the
volcano was detected at the closest regional stations.

Beneath Prince William Sound and in adjacent areas extending eastward to
Yakutat Bay most of the shallow earthquakes probably occur either within the
subducted Pacific plate or along the thrust interface between the Pacific and
North American plates. The area between eastern Prince William Sound and Icy
Bay includes the Yakataga seismic gap. Although the distribution of shallow
seismicity across the network is highly non-uniform, principal features in the
spatial pattern have remained remarkably stable for at least the past seven
years and no unusual deviations from this pattern were observed during the
past six-month period.

2) Velocity models derived from TACT (Trans-Alaska Crustal Transect) seismic-
refraction profiles in southern Alaska are being used in the relocation of
earthquakes recorded by the southern Alaska regional seismograph network.
Redetermined hypocenters of 14 well-recorded earthquakes (0.8 < Mp < 2.5)
occurring beneath the Chugach Mountains along the Richardson Highway near
61.25°N, 145,25°W fall into two groups. Three of the shocks are shallower
than 10 km and 1ie within the thin accreted Chugach terrane. The remaining
events range in depth from 29 to 44 km and belong to the regional NNE-dipping
Wadati-Benioff zone associated with the Wrangell Mountains. Modeling of
seismic-refraction data indicates the presence of four north-dipping paired
layers of low and high (> 7.6 km/sec) seismic velocities beneath the Chugach
terrane. These paired Yayers, or duplexes, possibly correspond to sections of
subducted oceanic crust and upper mantle. The deeper group of shocks lies
within the deepest of the four pairs, or duplexes. This observation suggests
that the deepest duplex was subducted most recently and that the three
overlying duplexes were emplaced earlier.

Single-event and composite focal-mechanism solutions for the Wadati-Benioff
zone shocks indicate a diversity of fault types and orientations; however,
strike-s1ip faulting, often with a component of thrusting, seems to dominate.
This faulting is characterized by horizontal north-south P axes and
subhorizontal-to-moderately-eastward-dipping T axes.

3) An improved model for the velocity structure of the crust beneath the
southern Kenai Peninsula was developed using P- and S- phases recorded from
regional crustal and Wadati-Benioff zone earthquakes and from quarry
explosions. Wadati diagrams of S- versus P-arrival times indicate that the
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Vp/Vs ratio in the upper crust is about 1.73, significantly lower than the
previously assumed value of 1.78. Interval velocities of P-waves across the
Bradley Lake sub-array were used to infer a velocity of close to 6.0 km/sec in
upper crust, although data from quarry blasts indicate a velocity of about 4.5
km/sec in the upper few kilometers below the surface. Pronounced S-to-P
converted phases from Wadati-Benioff zone earthquakes below 35 km depth and
from crustal events at about 20 to 25 km depth suggest the presence of a major
velocity discontinuity at about 15 km depth. Additional evidence for this
feature comes from apparent P- and S-wave reflections observed from quarry
blasts and from shallow earthquake sources above the inferred discontinuity.
It is interesting to note that Fisher and others (1983) also identified a
pronounced reflector at about 15 km depth from marine seismic reflection
profiling southwest of the southern Kenai Peninsula along strike of the
regional tectonic trends. There is as yet insufficent evidence to determine
if the same or similar structures are responsible for the seismic signals
observed from the two areas, but Byrne (1986) interprets the marine reflection
data as possible evidence for the presence of an underplated Eocene
sedimentary sequence that may extend from at least Kodiak Island to the Kenai
Peninsula. Hypocenters of crustal earthquakes determined using the revised
velocity model are more tightly clustered than when the standard model is
used, and the average RMS residual for the events is decreased from about 0.33
to 0.15 sec. Most of the crustal activity is located at depths shallower than
about 15 km, although in a few areas well-recorded crustal events are located
as deep as 25 km. The distribution of revised hypocenter locations still
shows no strong correlation with mapped fault traces.

4) In addition to the routine maintenance of the seismic network, several
improvements were made to the instrumentation. These changes include the
installation of solar panels at two additional sites, the addition of high-
dynamic range (90 dB) gain-ranging amplifier cards to the A1VCO
amplifier/oscillator unit (Rogers, 1986) at twelve more sites, and the
addition of a charging circuit to another SMA-1 strong-motion accelerograph
co-located with a high-gain seismograph station. None of the strong-motion
recorders was triggered by an earthquake during the past year.
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Seismic Data Library
9930-01501

W. H. K. Lee
U.S. Geological Survey
Branch of Seismology
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2630

This is a non-researech project and its main objective 1s to provide
access of seismic data to the seismological community. This Seismic Data
Library was started by Jack Pfluke at the Earthquake Mechanism Laboratory
before it was merged with the Geological Survey. Over the past ten years, we
have built up one of the world's largest collections of seismograms (almost
all of them on microfilm) and related materials. Our collection includes
approximately 4.5 million WWNSS seismograms (1962 - present), 1 million USGS
local earthquake seismograms (1966-1979), 0.5 million historical seismograms
(1900-1962), and 20,000 earthquake bulletins, reports and reprints.

Early this year, we recieved about 3,500 magnetic tapes containing a
complete set of digital waveform data of the Global Digital Seismic Network.
These are the so called "Date Tapes". With support from Professor Robert
Kovach of Stanford University, these tapes were labelled and set up for any
one who wishes to borrow them.
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Northern and Central California Seismic Network Processing
9930-01160

Fredrick W. Lester
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road M/S 977
Menlo Park, California 94025
(415) 323-8111, ext. 2149

Investigations

1. In 1966 a seismographic network was established by the USGS to monitor
earthquakes in central California. In the following years the network
was expanded to monitor earthquakes in most of northern and central
California, particularly along the San Andreas Fault, from the Oregon
border to Santa Maria. In its present configuration there are over
350 single and multiple component stations in the network. There is a
similar network in southern California. From about 1969 to 1984 the
primary responsibility of this project was to manually monitor,
process, analyze, and catalog the data recorded from this network. In
1984 a more efficient and automatic computer-based monitoring and
processing system (CUSP) began online operation, gradually replacing
most of the manual operations previously performed by this project.
For a more complete description of the CUSP system see the project
description "Consolidated Digital Recording and Analysis"” by S. W.
Stewart.

Since the introduction of the CUSP system the responsibilities of this
project have changed considerably. The main focus of the project now
is that of finalizing and publishing preliminary network data from the
years 1978 through 1984. We also continue to manually scan network
seismograms as back-up event detection for the CUSP system and
supplement the CUSP data base with data from the back-up magnetic
tapes that were detected only visually or by the other automatic
detection system (RTP). Project personnel also act as back—up for the
processing staff in the CUSP project. As time permits some research
projects are underway on some of the more interesting or unusual
events or sequences of earthquakes that have occurred within the
network.

This project continues to maintain a data base for the years 1969 -
present on both a computer and magnetic tapes for those interested in
research on the network seismic data. As soon as the older data are
finalized they are exchanged for the preliminary data existing in the
data base.

Results
1. Figure 1 illustrates the more than 13000 earthquakes located by this

office for northern and central California during the time period
April through September 1986. The largest earthquake during that time
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was a magnitude 6.5 shock that occurred on July 21. This earthquake
was located approximately 20 km north of Bishop, California in
Chalfant Valley. It was accompanied by a M6.0 foreshock on July 20
and many hundreds of aftershocks, three of which were magnitude 5 or
larger.

Final processing of data for the second half of the calendar year 1982
is complete and those data are ready for publication. Work is
currently underway on the final processing of data for the areas
around Lake Shasta, Mt. Shasta, and Lassen Volcanic National Park.
Some of these data are very preliminary and need extensive
reprocessing and analysis, but it is expected that this work will be
completed by late 1986 or early 1987. Final processing of the second
half of 1978 and all of 1983 is progressing and will be complete in
1987. (see item 3)

Since this summer this project has been involved in a combined effort
with personnel from many different projects. The first purpose of
this group endeavor is to collect all available seismic data
pertaining to the more than 150,000 earthquakes that the USGS has
located in northern and central California, mainly from 1969 to the
present. Those data will then be combined, checked for errors and
omissions, reprocessed as necessary, and finalized for publication.
It is estimated that this job will take at least one year, which is
much less time that would be necessary for this project alone.
Personnel in this project will be responsible for coordinating much of
this group effort.

For the time period April 1986 - September 1986 there were an average
of 4 to 6 events per day missed by the CUSP automatic detection
system. These were added to the existing CUSP data base from the
back—-up magnetic tape and processed using standard CUSP processing
techniques. Most of the earthquakes that were missed occurred in
northern California, north of latitude 39 degrees. This is a
particular problem in the north because of telemetry noise that exists
on those circuits. To avoid producing an abnormally large number of
false triggers in the detection system the trigger thresholds are
often set higher than normal and therefore some of the real events are
missed.

Steve Walter is currently investigating some unusual low frequency
events that he has detected in Lassen Volcanic National Park over the
last four years. Most of these are deep events, focal depths between
15 and 20 kilometers, and most are concentrated west of Lassen Peak.
These events are of interest because they resemble events seen in
other volcanic regions, particularly Hawaii, that have been associated
with magma transport. Results of this investigation will be presented
at the Fall AGU meeting in San Francisco.

Quarterly reports were prepared on seismic activity around Warm
Springs Dam, the Auburn Dam site and, New Melones Dam for the
appropriate funding agencies. Quarterly reports on seismic activity
in the Mount Shasta area and in Lassen Volcanic National Park were
also prepared and distributed to interested agencies and individuals.
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Walter, S. R., 1986, Long period earthquakes at Lassen Peak - evidence for
magma movement, (abs.), submitted the AGU FAll meeting.
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Regional Microearthquake Network in the
Central Mississippi Valley

14-08-0001-A0263

William V. Stauder and Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.O. Box 8099 Laclede Station
St. Louis, MO 63156
(314) 658-3131

Investigations

The purpose of the network is to monitor seismic activity in the Central Mississippi Valley
Seismic zone, in which the large 1811-1812 New Madrid earthquakes occurred. The following sec-
tion gives a summary of network observations during the first six months of the year 1986.

Results

In the first six months of 1986, 107 earthquakes were located and 29 other nonlocatable
earthquakes were detected by the 42 station regional telemetered microearthquake network
operated by Saint Louis University for the U. S. Geological Survey and the Nuclear Regulatory
Commission. Figure 1 shows 74 earthquakes located within a 4° x 5° region centered on 36.5 °N
and 89.5°W. Seismograph stations are denoted by triangles and are labeled by the station code.
The magnitudes are indicated by the size of the open symbols. Figure 2 shows the locations and
magnitudes of 58 earthquakes located within a 1.5° x 1.5° region centered at 36.25°N and
89.75° W. Figures 3 and 4 are similar to Figures 1 and 2, but the epicenter symbols (squares) are
scaled to focal depth.

In the first six months of 1986, 106 teleseisms were recorded by the PDP 11/34 microcom-
puter. Epicentral coordinates were determined by assuming a plane wave front propagating across
the network and using travel-time curves to determine back azimuth and slowness, and by assum-
ing a focal depth of 15 kilometers using spherical geometry. Arrival-time information for telese-
ismic P and PkP phases has been published in the quarterly earthquake bulletin.

The significant earthquakes occurring in the first six months of 1986 include the following:

1. 31 January 1986, UTC 1646, 41.41° N, 81.25°W: large enough to warrant an aftershock
study by network personnel. Four MEQ 800 recorders were deployed within 12 hours after
the main shock and remained in operation for 60 hours. Felt (VI) in Painesville-Mentor, Ohio
area. Felt throughout most of Ohio and parts of Illinois, Indiana, Kentucky, Michigan, New
York, Pennsylvania, West Virginia, and Ontario, Canada. Some additional states with only a

few felt reports included Delaware, Maryland, New Jersey, Virginia, Wisconsin, and the Dis-
trict of Columbia. mp,(10Hz) = 4.9(SLM), m;, = 5.0(NEIS).

2. 13 February 1986, UTC 1135, 34.81° N, 82.94 ° W: felt (IV) at Liberty, Six Mile, and West
Union, North Carolina. Felt (IV) at Lavonia, Georgia. Felt (III) at Highlands, Henderson-
ville, North Carolina and Franklin Springs, Georgia. mp,(10Hz) = 3.0(SLM), my;, =
3.5(NEIS), mp = 3.5(TEIC).
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3. 24 May 1986, UTC 0815, 35.22° N, 92.22°W: felt (V) at Enola, Arkansas. my,(10Hz) =
3.2(SLM), my, (3Hz) = 3.2<FVMZ>, mp = 3.2(TEIC).

4. 24 May 1986, UTC 1248, 36.58° N, 89.88° W: felt (IV) at Bernie, Broseley, Campbell, Mal-
den, Parma, Portageville, and Risco, Missouri. Felt (Ill) at Canalou, Catron, Dudley,
Kewanee, New Madrid, Steele, and Tallapoosa. Also felt (III) at Pollard, Arkansas and Tip-
tonville, Tennessee. my,(10Hz) = 3.4(SLM), m;,(3Hz) = 3.4<FVMZ>, m; = 3.5(TEIC),
mbLa == 3.4(NEIS).
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Consolidated Digital Recording and Analysis

9930-03412

Sam W. Stewart
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road - M/S 977
Menlo Park, California 94025
(415) 323-8111 Ext. 2577

Investigations

The goal is to operate, on a routine and reliable basis, a
computer—automated system that will detect and process earthquakes
occurring within the USGS Central California Earthquake Network (also
known as CALNET). Presently, the output from more than 460 short—period
seismic stations is telemetered to a central recording point in Menlo
Park, California. Two DEC PDP11/44 computers, and a VAX/750, are used on
this project. The 11/44A is dedicated to the task on online, realtime
detection of earthquakes and storing the waveforms for later analysis.
The 11/44B is used for offline processing and archiving of earthquakes.
Both computers have a 512 channel analog-to-digital converter, so the
11/44B can serve as backup to the online system whenever necessary. (One
of the a/d converters can be connected to the VAX/750 computer as well, to
be used both for Calnet realtime monitoring experiments, and for offline
digitizing from analog magentic tapes.) The two 11/44 computers
communicate with each other via a simple digital-bit I/0 "semaphore”
system, and transfer large amounts of data via a dual-ported disk
subsystem or a dual-ported magnetic tape subsystem.

The VAX/750 is a general purpose computer used by the Branch of
Seismology. We use it as the primary "research" computer for the CUSP
system. It holds the primary data base of earthquake summary data and
phase card data, which is available for research purposes. We update and
maintain the CALNET data on this computer.

Both 11/44 computers use the RSX1IM-PLUS (v2.1) operating system. The
VAX/750 uses the DEC VMS operating system. Software has been developed
largely by Carl Johnson in Pasadena, but with considerable modification by
Peter Johnson, Bob Dollar and Sam Stewart, to meet Menlo Park's specific
needs. Our applications are all written in Fortran-77, but with heavy use
of system functions unique to the RSX or VMS operating systems.

Results
1. During the period April 1986 thru September 1986 approximately 13200

events were processed through the CUSP system. This includes 11600 events
that were classified as 'LOCAL' events, i.e., they occurred within or near
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enough to the network that hypocenters were calculated and the data
entered into the catalogs. The remaining 1600 events were either regional
or teleseismic events, or unprocessed copies of local events that were too
small (magnitude less than 1.0) to be timed.

In addition, a few thousand non—-seismic noise events detected by the
online 11/44A computer had to be examined and deleted. Considering only
the seismic events, this projects to an annual rate of processing about
26400 events per year.

The magnitude 6.5 Chalfant Valley, California earthquake of July 20,
1986 produced an enormous number of online detections of aftershocks. We
estimate about 1250 detections remain to be processed. Because each
detection may contain several timeable aftershocks, there may be 2500 or
more events remaining to be timed and located.

2. The VAX/750 system is now able to do all the CUSP offline timing and
processing that formerly was done only on the 11/44B system. This is
significant in that (1) the VAX can serve as a backup CUSP processor to
the routine Calnet processing done on the 11/44B; (2) very long online
detections can be processed directly on the VAX/750, eliminating the need
for special, time-consuming treatment of these long detections on the
11/44B; (3) other researchers can retrieve archived waveform data and
carry out special studies in a CUSP environment, using the superior
facilities of the VAX/VMS system; (4) other networks (e.g. Alaska) can
begin processing their event data using the CUSP system (5) other VAX/VMS
systems (e.g. microvax-1ll) can use the CUSP system with little or no
modification.

3. The VAX/VMS system is not able to do digitizing from analog magnetic
tapes, working in a CUSP environment. The interfacing and digitizing
software was done largely by Bob Dollar, with help from Peter Johnson and
Tom Jackson. Currently the digitizing system works with either daily
telemetry tapes or our dubbed event tapes. Forty channels are digitized
at a tape rate of 100 samples/second. Because the tape is being played
back at 16x realtime, this corresponds to a real digitizing rate of 64000
samples/second. By camparison, the realtime 11/44A system runs at about
50000 samples/second. This digitizing system replaces the ECLIPSE system,
which served well for many years.

Regorts
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Seismic Monitoring of the Shumagin Seismic Gap, Alaska
USGS 14-08-0001- 21919

John Taber
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914) 359-2900

Investigations

Seismic data from the Shumagin seismic network were processed to obtain origin times,
hypocenters, and magnitudes for local and regional events. The processing resulted in files of
hypocenter solutions and phase data, and archive tapes of digital data. These files are used for
the analysis of possible earthquake precursors, seismic hazard evaluation, and studies of
regional tectonics and volcanicity (see Analysis Report, this volume). A yearly bulletin is
available for 1984 and 1985 data.

Results

The Shumagin network was used to locate 344 earthquakes in the first half of 1986. The
seismicity of the Shumagin Islands region for this time period is shown in map view and cross
section in figure 1. The largest event in this period had a magnitude of 4.5 and was located
over the main thrust zone at a depth of 4.5 km. A magnitude 4.1 earthquake occurred at a
depth of 201 km. This was the first deep event larger than magnitude 4 since 1981. Otherwise
the overall pattern over this time period is similar to the long term seismicity. Concentrations
of events occur at the base of the main thrust zone and in the shallow crust directly above it.
The continuation of the thrust zone towards the trench is poorly defined. West of the network
(which ends at 163°) the seismicity is more diffuse in map view. Below the base of the main
thrust zone (45 km) the dip of the Benioff zone steepens. Part of the double plane of the
lower Benioff zone is evident near 100 km depth.

The yearly network servicing was successfully completed in July and August. The net-
work is capable of digitally recording and locating events as small as Ml = 0.4 with uniform
coverage at the 2.0 level. Onscale recording is possible to “Ms=6.5 on a telemetered 3 com-
ponent force-balance accelerometer. Larger events are recorded by one digitally recording
accelerometer and on photographic film by 12 strong-motion accelerometers.

39



I-1

165.00 157.00
57.00 57.00
» .E
q
U]
° a
o
+ + @ oo \. /° + 0 & +
°Q Q, 3R
[u] o ]
. o o
L] o one
© 0, , “ o o
dq o , Oy ©
Y nad, & e oy 0 5+ d
a8 O ° b %% °q « <10
B age Do N Do e 1.0-1.9
- @ e, Oqg’ﬁaoo ° & o 2.0-2.9
° QS@ ° %0 o °°9 ° O 3.0-3.9
- o %Q:Qeooe ® e O 4.0-4.9
0o _® [u} L]
o + L
R S * *
e og% O
g @00 o® ®
0o 0
u] 4 W
) ] NC o
&ﬁ o 2 ’
% © 1R A
53.00 - 53.00
1465.00 157, 00
[+] S 1 1 | S S . 1 ! ] 200 KM
A A
NW SE
U]
— —{100
- —200
Oo KM
(0]
O
1 ] ! | 1 i ]

Figure 1. Top: Seismicity recorded by the Shumagin seismic network from January 1 to June 30, 1986.

200

300 KM

Bottom: Cross section of seismicity projected along the line A-A’ in the upper figure.

L4



I-1

Earthquake Hazard Research in the Greater Los Angeles Basin
and Its Offshore Area

#14-08-0001-A0264

Ta-1iang Teng
Thomas L. Henyey
Egill Hauksson

Center for Earth Sciences
University of Southern California
Los Angeles, CA 90089-0741
(213) 743-6124

INVESTIGATIONS

(1)

(2)

Monitor earthquake activity in the Los Angeles Basin and the adjacent
offshore area.

Upgrade remote field stations. One new field station has been installed
in the eastern Los Angeles basin. The microprocessor-based Optimal
Telemetry System has been deployed for field testing at three seismic
stations.

RESULTS

(1)

(2)

The earthquake activity that occurred in the Los Angeles basin and the
southern California coastal zone during January-September 1986 is shown
in Figure 1. The seismicity rate is similar to the rate that was
recorded during the previous three years. The earthquake activity in the
Los Angeles basin is characterized by single shocks that are scattered
throughout the region. Several spatial clusters are observed in the
monitoring region. Clusters of seismicity are observed at the northern
segments of both the Newport-Inglewood fault as well as the Palos Verdes
fault during January-September 1986. The adjacent offshore area in Santa
Monica Bay is also characterized by a moderate level of seismic activity.
A cluster of earthquakes is observed on the Palos Verdes fault in the
City of Torrence. The largest earthquake to occur within the Los Angeles
basin had a magnitude of 3.7 and was located in Santa Ana, just east of
the City of Long Beach. In summary, although the January-September 1986
seismicity in the southern California coastal zone and the Los Angeles
basin is characterized by several spatial clusters of seismicity, the
overall level of activity is moderate to low as compared with other
regions of southern California.

A mainshock of M =5.4 occurred 45km southwest of Oceanside on July 13th
13h 47m (U.T.C.). The mainshock was followed by an extensive aftershock
sequence (Figure 2). The epicenters of the mainshock and aftershocks are
located near the northern end of the San Diego Trough, just to the east
of the Thirtymile Bank. Although the epicentral locations are still
preliminary, this sequence appears to be associated with the East Santa
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Cruz Basin fault system rather than the Newport-Inglewood-Coronado Bank
fault system. The preliminary single event, lower hemisphere local
mechanisms shown in Figure 3 indicate that the faulting associated with
this sequence is either strike slip or thrust or possibly a mixture of
both. Teleseismic data show a thrust mechanism for the mainshock
(similar to the mechanism in Figure 3C) (J. Nabelek, pers. comm. 1986).
The difference between the short period first motion mechanism and the
teleseismic mechanism can possibly be resolved by adding first notions
from stations located in southern Baja in Mexico. If the teleseismic
mechanism is correct this sequence will provide important new constraints
on the velocity structure of the California Continental Borderland.
Oceanside aftershocks are still occurring (in October, 1986) thought at a
decreasing rate (see Figure 3D).

(3) A new seismograph station (FLA) was installed in a 1400ft deep borehole
in the City of Fullerton in Orange County. The station that began
operating in September 1986 is located adjacent to the Norwalk fault and
fills an important gap in the station distribution in the eastern Los
Angeles basin.

A second generation of the optimal telemetry system (0OTS) is currently
being designed and built. The front-end anti-aliasing filters have been
upgraded to 7 poles. To minimize electronic noise the microprocessor has
been placed on a separate circuit board. The design goals are to achieve
a background noise level of 1 mV or less. Field testing of the new 0TS
is planned to begin in December 1986.

REPORTS
Hauksson, E., T. L. Teng, T. L. Henyey, J. K. McRaney, L. Hsu, M. Robertson
and G. Saldivar, Earthquake Hazard Research in the Los Angeles Basin and Its

Offshore Area, U.S.C. Technical Report #86-1, February 1986.

Teng, T. L. and M. Hsu, A Seismic Telemetry System of Large Dynamic Range,
Bull. Seism. Soc. Amer., 76, 1461-1471, 1986.

Hauksson, E. and G. Saldivar, The 1930 Santa Monica and the 1979 Malibu,
California, Earthquakes, to appear in BSSA, December 1986.

Hauksson, E., Seismotectonics of the Newport-Inglewood fault zone in the Los
Angeles Basin, Southern California, in press BSSA, 1987.

Hauksson, E., T. L. Teng and T. L. Henyey, Near-Surface Attenuation of
Waveforms of Local Earthquakes: Results from a 1500 m Deep Downhole
Seismometer Array, submitted to fall AGU meeting 1986.

Saldivar, G. V., E. Hauksson and T. L. Teng, Seismotectonics of the Santa

Monica and Palos Verdes Fault Systems in the Santa Monica Bay, Southern
California, submitted to fall AGU meeting 1986.
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Data Processing Center Operations

9930-01499

John Van Schaack
Branch of Seismology
U. S. Geological Survey
345 Middlefield Road- Mail Stop 977
Menlo Park, California 94025
(415) 323-8111, Ext. 2584

Investigations

This project has the general housekeeping, maintenance and management
authority over the Earthquake Prediction Data Processing Center. Its
specific responsibilities include:

Results

Day to day operation and performance quality assurance of 5 network
magnetic tape recorders.

Day to day management, operation, maintenance, and performance
quality assurance of 2 analog tape playback stations.

Day to day management, operation, maintenance and performance
quality assurance of the U.S.G.S. telemetered seismic network event
library tape dubbing facility (for California, Alaska, and Hawaii).
Projection of usage of critical supplies, replacement parts, etc.,
maintenance of accurate inventories of supplies and parts on hand,
uninterrupted operation of the Data Processing Center.

Procedures and staff for fulfilling assigned responsibilities have been
developed and the Data Processing Center 1is operating smoothly and serving a
large variety of scientific user projects.
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Field Experiment Operations
9930-01170

John Yan Schaack
Branch of Seismology
U. 8. Geolegical Survey
345 Middlefield Road MS-977
Menlo Park, California 94023
(415) 323-8111, ext. 2584

Investigations

This project performs a broad range of management, maintenance,
field operation, and record keeping tasks in support of seismology and
tectonophysics networks and field experiments. Seismic field systems
that it maintains in a state of readiness and deploiys and operates in
the field (in cooperation with user projects) include: R
a. S~-day recorder portable seismic systems.

b. "Cassette” seismic refraction systems.
c. Portable digital event recorders.
d. SmoKed paper recorder portable seismic systems

This project is responsible for obtaining the required permits
from private landowners and public agencies for installation and
operation of network sensors and for the conduct of a variety of field
experiments including seismic refraction profiling, aftershock
recording, teleseism P-delay studies, volcano monitoring, etc.

This project also has the responsibility for managing all radio
telemetry frequency authorizations for the Office of Earthquakes,
“Jolcanoes, and Engineering and its contractors.

-

Results

Seismic Refraction

One hundred twenty seismic cassette recorders were used in the
PASSCAL experiment in Central Nevada in July 1984.. This experiment
was conducted in cooperation with a number of Universities and the U.
S. Air Force. Two profiles were shot. One profile extended from
Winnemucca to Fallon and the other from Gerlach to Austin.

Telemetry Networks .

The telemetry networKs have remained constant for the last é
months except for the Parkfield area. We have installed 4 telemetered
Force Balance Accelerometers near Parkfield with sensitivities ranging
from .02G full scale to 2.0G full scale. We are presently in the
process of installing &6 more FBAs in the same general area. All of
these sensors will be monitored by the CUSP and RTP automatic
earthquake detection systems in Menlo Park.




Portable Networks

Six 5-Day recorders were deployed near Palm Springs CA to record
aftershocks of the M 5.9 earthquake there this Spring. These
recorders were then immediately deployed North of Bishop to record
aftershocks of the Chalfant Valley earthquake of July 1984, At the
same time 3 seismic telemetry stations were installed North of Bishop
and the data telemetered to Menlo Park, CA.
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Characteristics of Active Faults
9950-03870

R. C. Bucknam
Branch of Geologic Risk Assessment
U.S. Geological Survey
Box 25046, MS966, Denver Federal Center
Denver, CO 80225
(303) 2361604

Investigations
Fault-scarp degradation studies—--Lost River Range, Idaho
Results

As part of a general study to associate variations in the rate of modification
of the free face of fault scarps with lithologic and other site-specific
variables, I have begun photogrammetric documentation of the modification of
scarps formed by the 1983 Borak Peak, Idaho, earthquake. Three sets of
approximately horizontal close-range photographs have been taken at a site on
the fault scarp. The photographs were taken in October 1985, May 1986, and
September 1986 with a calibrated mapping camera at a distance of about 5 m
from the scarp. Coordinates of series of targets distributed across the scarp
face, determined by triangulation with a theodolite from a stable, permanent
baseline, provide controls for the photogrammetric models. Using an
analytical stereo plotter, photogrammetric compilation has been done by Frank
Schafer (Branch of Astrogeology, Flagstaff) in collaboration with Sherman

Wu. Residuals determined with the stereo plotter for the coordinates of the
control targets after absolute orientation of the model are generally several
millimeters; thus, resolution of changes in scarp morphology is probably
considerably better than 1 cm.

Profiles of the scarp, spaced at 20-cm intervals, were drawn directly from the
photogrammetric models along a 5-m-long interval of scarp for each of the
three sets of photographs. Two representative profiles are shown on figure

1. The solid line shows the profile of the scarp at the time of the first
photographs in October 1985. The dashed line shows the profile of the scarp
at the times of the May 1986 photographs and the September 1986 photographs.
Changes in the scarp profile between May and September are typically less than
2 mm (about the width of the line in the figure) and are too small to show at
this scale. The average retreat of the scarp face between 17 October 1985 and
23 September 1986 was 4.5 cm (Profile U4) and 3.0 em (Profile 11). Nearly all
of the observed scarp retreat occurred between 17 October 1985 and 5 May

1986. These observations suggest possible seasonal control of scarp
degradation with the most rapid retreat occurring during a period with freeze-
thaw cycles and of presumably relatively high ground moisture.
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Comparative Earthquake and Tsunami Potential for Zones
in the Circum-Pacific Region

9600-98700

George L. Choy
Stuart P, Nishenko
William Spence
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center
Box 25046, Mail Stop 967
Denver, Colorado 80225
(303) 236-1506

Investigations

1. Prepare detailed maps and text of comparative earthquake potential for
west coasts of Mexico, Central America, and South America.

2. Conduct investigations of the historic repeat-time data for great
earthquakes in the North Pacific Ocean margin.

3. Develop a working model for the interaction between forces that drive
plate motions and the occurrence of great subduction zone earthquakes.

4, Develop a rapid method for the estimation of the source properties of
significant earthquakes.

Results

1. The probabilistic work for northern Mexico has been completed (Nishenko
and Singh, 1986). Two regions have the highest probabilities for recurrence
of large earthquakes within the next two decades: the central Oaxaca gap
and the Acapulco—-Marcos gap. With the occurrence of the catastrophic
earthquake of September 19, 1985, the Michoacan seismic gap now has a very
low probability for recurrence of a great earthquake within 20 years.
However, plate motions related to this earthquake could cause stress to
transfer to the seismic gap at Acapulco and trigger a great earthquake there
within the next few years. A study of aftershocks of the greater 1979
Columbia earthquake has been submitted for publication (Mendoza, 1986).

This study of this event in the context of the great earthquakes of 1906 and
1958 will help the probabilistic assessment for the recurrence of great
earthquakes in this region.

2. Data on the occurrence of great earthquakes and tsunamis from the Queen
Charlotte Islands to the Aleutian Islands have been collected and the
evaluation of probabilistic recurrence is being conducted by Drs. Nishenko
and Jacob.



3. An evaluation of the ridge-push and slab-pull forces in the context of
stresses that lead to great subduction zone earthquakes has been completed
(Spence, 1986). An important conclusion is that specific parts of a
subducting plate may be monitored for precursors to seismic gap-filling
earthquakes,

L, We are developing computer packages that will permit the rapid
estimation of source properties of significant earthquakes on a routine
basis. We are routinely using broadband data to obtain depth phases for all
earthquakes over my 5.8. We are nearly finished with an algorithm that will
permit semi-automated on-line computation of radiated energy, moment and
apparent stress for all earth quakes over my, 5.8.

Reports

Boatwright, J., and Choy, G.L., 1986, Teleseismic estimates of the energy
radiated by shallow earthquakes: Journal of Geophyscial Research,
v. 91, p. 2095-2112.

Choy, George L., and Cormier, V.F., 1986, Direct measurement of the mantle
attenuation operator from broadband P and S waveforms: Journal of
Geophysical Research, v. 91, p. 7326-7342.

Choy, George L., and Engdahl, E.R., 1986, Analysis of broadband seismograms
from selected IASPEI events: Physics of the Earth and Planetary
Interiors, in press.

Mendoza, C., 1986, Aftershock source properties using digital surface wave
data--The 1979 Colombia sequence: Bulletin of the Seismological
Society of America, in press.

Nishenko, S.P., and Buland, R.P., 1986, A generic recurrence interval
distribution for earthquake forecasting: Bulletin of the Seismological
Society of America, submitted.

Nishenko, S.P., and Singh, S.K., 1986, Conditional probabilities for the
recurrence of large and great interplate earthquakes along the Mexican
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Earthquake Hazard Investigations in the Pacific Northwest
14-08-0001-G1080

R.S. Crosson
Geophysics Program
University of Washington
Seattle, WA 98195
(202) 543-8020

Investigations

The objectives of this research are to provide fundamental data and interpretations for
earthquake hazard investigations. Currently, we are focusing on seismicity, structure, and tec-
tonic questions related to the possibility of a major subduction earthquake on the Juan de Fuca -
North American plate boundary. Specific tasks which we have worked on in this contract period
are:

1. Tomographic inversion of travel times to determine three-dimensional earth structure.

2. Locations, focal mechanisms and occurrence characteristics of crustal and subcrustal earth-
quakes beneath western Washington and their relationship to subduction processes.

3. Development of new network analysis programs.

4. Investigation of offshore earthquakes.

Results

1. A study of crustal velocity in western Washington is being done using tomographic techniques.
The study area is divided into a grid of blocks, and travel times from the U. W. network data
base are compared to travel-times computed from a starting velocity model. We are applying
direct conjugate gradient techniques to the model inversion, and initial tests have been made
using successive layers with 2-D inversion in each layer. Extension to full 3-D structure is
planned as a final step.

2. A data base of focal mechanisms is being established. The objective is to determine the most
probable regional tectonic stress in western Washington. Focal mechanisms have been determined
for about 275 earthquakes in western Washington. All western Washington earthquakes which
had ten or more polarities read in routine processing from 1982 through 1985 were examined.
Since the suite of events deeper than 30 km is of particular interest, a special effort was made to
include all possible deep events. Trace data were examined for all earthquakes from 1980 through
1985 which were deeper than 30 km and had ten or more P arrivals read. For earthquakes with
valid focal mechanisms, software was developed to check orthogonality of P and T axes, to select
events by focal mechanism type, and to make stereographic plots of nodal planes and stress axes,
singly or in composite. We are working on a grading scheme to indicate quality of the focal
mechanism solution by considering the possible range of focal mechanisms, the degree of con-
straint imposed by the polarity information, and inconsistent or ambiguous arrivals.

Examination of 121 focal mechanisms in the Puget Sound area indicates that systematic
differences exist between shallow and deep earthquakes in the Puget Sound region. About half of
both shallow and deep earthquakes have strike slip mechanisms, but many more normal
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mechanisms occur in the deep suite than in the shallow; while thrust events are more common in
the shallow suite. The table below shows how the three types of focal mechanisms are distributed
in the shallow and deep suites.

The shallow and deep suites also show significantly different distributions of P and T axes.
P axes for shallow events are clustered around the North-South direction, while P axes for deep
earthquakes scatter in a broad girdle roughly about the E-W equatorial plane.

Distribution of Focal Mechanism Type by Depth Range

Total Strike-slip Normal Thrust
P plunge <45° P plunge>45° P plunge<45°
T plunge <45° T plunge<45° T plunge>45°

Shallow 71 39 (55%) 6 (8%) 26 (37%)
<30 km

Deep 50 23 (46%) 19 (38%) 8 (16%)
>30 km

3. Updated software which combines automatic picking of arrival times with interactive seismic
processing has been developed to run on a Ridge 32C computer. Current network data collection
and analysis are being carried out on a PDP 11/34 and a PDP 11/70, which need to be replaced
within a few years. Software now being developed may by used in the next generation of network
processing, and could be transferred to many 32 bit machines. Combining automated picking
with interactive pick editing also enhances development and refinement of phase picking, polarity
picking, and location routines, by making the data more immediately accessible for research use.
Programs for picking, displaying and editing the regional network data are a part of this effort.
Special utilities to handle local, regional and teleseismic data have been constructed and tested.

4. We have initiated a study of earthquakes occurring off the coast of Washington and Oregon.
In the past digital data for these events were kept, but the events were not located. Since these
events are both sizable and fairly frequent, we are exploring this data source. These earthquakes
are generally shallow, and most of them are located on the Blanco Fracture Zone.

Articles

Zervas, C.E., and R.S. Crosson, 1986, Pn Observations and Interpretations in Washington, BSSA
Vol. 76, no. 2, pp. 521-546

Ludwin, R.S., S.D. Malone, R.S. Crosson, 1986 (in press), Washington Earthquakes, 1983,
National Earthquake Information Service

Ludwin, R.S., S.D. Malone, R.S. Crosson, 1986 (in press), Washington Earthquakes, 1984,
National Earthquake Information Service

Reports

Univ. of Wash. Geophysics Program, 1986, Quarterly Network Report 86-A on Seismicity of
Washington and Northern Oregon

Univ. of Wash. Geophysics Program, 1986, Quarterly Network Report 86-B on Seismicity of
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Washington and Northern Oregon

Earthquake Hazard Research in the Pacific Northwest, 1986, Contract 14-08-0001-22007 Final
Technical Report 1985.

Univ. of Wash. Geophysics Program,1986 (in press), Compilation of Earthquake Hypocenters in
Washington, 1980.

Univ. of Wash. Geophysics Program,1986 (in preparation), Compilation of Earthquake Hypo-
centers in Washington, 1981.

Univ. of Wash. Geophysics Program,1986 (in preparation), Compilation of Earthquake Hypo-
centers in Washington, 1982.

Abstracts

Ma, Li, and R.S. Ludwin, 1986, Can Focal Mechanisms be used to Separate Subduction Zone from
Intra-plate Earthquakes in Western Washington, Pacific Northwest AGU 1986

Lees, J.,1986, Tomographic Inversion for Lateral Velocity Variations in Western Washington,
Pacific Northwest AGU 1986

Ludwin, R.S., L.L. Noson, A.I. Qamar, R.S. Crosson, C.S. Weaver, S.D. Malone, W.C. Grant,
T.S. Yelin, Seismicity in the Northwestern U.S., submitted for AGU Fall 1986.

Crosson, R.S., and E.L. Crosson, 1986, Preliminary Analysis of Juan de Fuca Plate Seismicity

using the Washington Regional Seismograph Network, submitted for AGU Fall
1986.



Investigations of Intraplate Seismic-Source Zones
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Branch of Geologic Risk Assessment
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Denver, CO 80225
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Investigations

1.

Reprocessing and interpretation of seismic-reflection data in upper
Mississippi Embayment to investigate deep structure.

2. Quantitative geomorphic study of stream profiles in the southeastern part
of the Ozark Mountains.
3. Interpretation of seismic-reflection data recorded on the Mississippi
River.
4., Analysis of level line data in the upper Mississippi Embayment and
environs.
5. Geologic investigation of Meers fault in Comanche County, Okla.
6. Publication of a report on a trench excavated near Blytheville, Ark.
7. Analysis of high-resolution reflection data obtained across the Meers
fault,
8. Effects of earthquakes on high temperature wells in the Long Valley
caldera, Mono County, Calif.
9, Analyses of seismological data from China.
10. Regional studies.
11. Analysis of stream profile data in an area of active faulting immediately
west of Pierre, South Dakota.
Results
1. Reprocessing of field tape records of seismic-reflection profiles to 1l s

two—way traveltime has been completed on four profiles (Dwyer, 1985).
Two abstracts have been publised (Dwyer and Harding, 1985; Harding,
1985). The manuscript on the seismic reflection lines near
Caurthersville, Missouri is being modified and a manuscript on the
reflection lines on the east side of the Reel Foot rift is in
preparation.,
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A draft report entitled "Analysis of stream—profile data and Inferred
Tectonic Activity Eastern Ozark Mountains region,” by F. A. McKeown, M.
J. Cecil, B. L. Askew, and M. B. McGrath, has been returned to BCTR after
making editorial corrections. Publication as a USGS Bulletin has been
requested.

The interpretation of part of the seismic-reflection data recorded on the
Mississippi River has been completed (Crone and others, 1986). First cut
processing of the data collected along the Mississippi is complete;
sections for interpretation and possible further processing are being
chosen.

Compilation and analysis of level-line data for the upper Mississippi
Embayment and vicinity was completed by Richard Dart and an open—file
report is nearly ready for technical review. Completion of this report
has been delayed temporarily by other activities (Dart, 1985 and 1986;
Zoback and others, 1985; Dart and Zoback, 1986).

Geologic relationships in several backhoe excavations strongly suggest a
large component of left-lateral slip on the Meers fault in southwestern
Oklahoma. Two excavations on either side of a 1.07-m~high scarp formed
in limestone suggest hat the channel of a small gulley has been displaced
at least 0.65 m vertically and about 5 m left—laterally. Radiocarbon
dating of the deposits in the channel will constrain the time of movement
on the fault.

In another nearby excavation, the rakes of striae in limestone on the
upthrown side of the scarp are nearly horizontal indicating mainly
lateral slip on the fault. The preservations of delicate striae in
soluble limestone in a near-surface environment suggest that these striae
record the slip direction during a late Quaternary faulting event.

The report describing the trench, excavated across a prominent linear
feature in the Blytheville, Ark., area of the New Madrid seismic zone has
been published (Haller and Crone, 1986).

A short, high-resolution seismic-reflection line was conducted across the
Meers fault in Oklahoma. This data has been processed and shows a fault
at approximately 271 m in depth which can be connected to the surface
faulting. This fault has a displacement of about 30 m (Harding, 1985).

Temperature logs obtained in Chance No. 1 (south moat of the Long Valley
caldera, Mono County, Calif.) in 1976, 1982, 1983, 1985 and 1986 show a
progressive cooling in the uncased part of the hole. Examination of the
rate of change suggests that the cooling began to accelerate about the
time of the strong earthquakes of May 1980 (Diment and Urban, 1985).
Temperature logs from Mammoth No. 1 (near Casa Diablo Hot Springs, 3 km
west of Chance No. 1) obtained in 1979, 1982, and 1983 are also being
processed and examined for seismically induced phenomena (Urban and
Diment, 1984; 1985).
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More recently, precision temperature logs and gamma-ray logs were also
obtained in two other hot wells (PLV—~1 and RDO-8) in the south moat 6-11
days before and 3-4 days, and 61-64 days after the Chalfant (50 Km ESE of
wells) earthquake (MS = 6.2 PDE, M; = 6.4 BRK) of July 21, 1986. The
work in RDO-8 was partially supported by participants in the Continental
Scientific Drilling Program.

9. Under the Chinese—American Cooperative Earth Sciences Program, K. M.
Shedlock and her colleagues from MIT and The Peoples Republic of China
have conducted extensive studies of the structure and tectonics of the
North China Basin (Shedlock and Roecker, 1985; Shedlock and others,
1986). These studies are applicable to the better understanding of
similar regimes in the United States.

10. L.C. Pakiser and W.D. Mooney perceived the need for the summary/review
volume: “Geophysical framework of the Continental United States.” A
conference was held in Golden between March 17 and 20, 1986 and 24 papers
were presented. GSA has agreed to publish the product in their Memoir
series. Most manuscripts have been received and are now being reviewed.

Pakiser (1985) completed a review of seismic exploration of the crust and
upper mantle in the Basin and Range Province.

11. At the request of T.C. Nichols and D.S. Collins (Project 02478, Rock
deformation induced by subsurface excavation and use) Meridee Cecil
digitized 24 streams within about 50 km west of Pierre, S. D., and made
an analysis of several fluvial parameters. Known Holocene faults are
readily detected as sharp changes in slope and stream gradient index.

Other sharp changes in slope and stream gradient index are evident on a
number of profiles, but have not yet been field checked. Anomalous
logaritihmic slope—stream length plots and low concavity to convex stream
profiles are characteristic of the entire area studied to date. The
cause of the faulting and presumably other deformation is not know but
may be related to glacial rebound.

Reports
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Crone, A.J., and Luza, K.V. 1986, Holocene deformation associated with the
Meers fault, southwestern Oklahoma: Geological Society of America Field
Trip Guidebook Article, Annual Meeting, San Antonio, Texas [in press].

Crone, A.J. and Luza, K.V., 1986, Characteristics of late Quaternary surface
faulting on the Meers fault, Commanche County, Oklahoma [abs.]:
Transactions of the American Geophysical Union [EOS], v. 67, p. 1188.

Dart, Richard L., 1985, Horizontal stress directions in the Denver and

Illinois Basins from the orientation of borehole breakouts: U. S.
Geological Survey Open-File Report 85-733, 44 p.
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Meeting, p. 188.

Hellinger, S.Z., Shedlock, K.M., Sclater, J.G., and Ye, Hong, 1985, The
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INVESTIGATION

On 14 February, 1985, a magnitude (Mb) 5.4 earthquake near
the trans-Alaska pipeline 30 km north of the Yukon River crossing
signalled the beginning of a three-month-long sequence of
earthquakes which were the largest ever to have been recorded
this far north in Alaska. This study concentrated on
determining the source mechanism and relationship of this
earthquake series to 1intraplate tectonics in this part of the
state.

RESULTS

During the three months following the initial large shock on
14 February, at least four other earthquakes exceeding magnitude
5.0, and at least forty others exceeding magnitude 4.0 occurred
in the same area. The largest shock was a magnitude 6.0 event on
9 March. The area 1is not known to have a previous history of
significant seismicity, and these shocks are the strongest ever
to have %been recorded this far north in the state. The
opportunity was thus afforded to gain an insight into the mode of
ongoing tectonic deformation in this little-studied area.

Because of the relative accesibility of the site (by Alaskan
standards), it was possible to install three remote seismographic
stations around the epicentral area, despite the ©blizzard
conditions of the season. The signals from these stations were
telemetered directly back to the seismological laboratory at the
Geophysical Institute, and over 1,400 events were 1located,
utilizing +the temporary network in conjunction with stations of
the permanent regional University of Alaska network.

Aside from the pipeline 1itself, and the accompanying pump
stations, there are no manmade structures in the immediate
epicentral area (which was named for a mining camp deserted in
1901), but the effects of the earthquakes included numerous
stream overflows and rejuvenated springs. No fault offsets were
observed during several helicopter overflights.
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The three temporary telemetered seismographic installations
around the epicentral area which could be emplaced by helicopter
and snow machine before the sequence died away permitted the
relatively accurate determination of focal depths and crustal
velocities. A Vp/Vs ratio of 1.68 + 0.03 was established. Focal
depths were nearly all shallower than 15 km. Distinctive Pn and
crustal layer phases made it possible to quantify a crustal layer
model which 1includes an wupper layer 24 km thick with a P-wave
velocity of 6.0 km/sec, and a lower crustal layer 10 km thick
with a P-wave velocity of 7.2 km/sec. The Pn velocity between
the epicentral region and Fairbanks, 180 km to the SSE, was found
to be 7.91 km/sec.

The focal mechanism solutions for the two largest events
indicate either 1left-lateral faulting on a NNE-SSW oriented
plane, or right-lateral faulting perpendicular to that. The
former solution 1is preferred, largely because it is similar to
the solution obtained for a magnitude 6.8 earthquake occurring
100 km to the south in 1968 (Huang & Biswas, 1983). The Dall
City earthquakes appear to be an extension of the aftershock zone
of the earlier Rampart earthquake to the north.

The findings to date are in accord with a regional stress
pattern in Interior Alaska that 1s dominated by an azimuth of
horizontal compressive stress 1in a NW-SE direction (Gedney et
al., 1980; Gedney, 1985).

References
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14 February 1985
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Figure 4. Focal mechanism solutions of two earthquakes of the present sequence
(A) and (B) compared with that of an earthquake which occurred in nearly the
same area 10 years earlier (the earlier location solution is probably not as
reliable due to a sparcity of recording stations at the time). The preferred
mechanism is left-lateral faulting on the NNE-SSW trending plane.
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Investigation of Seismic—Wave Propagation for
Determination of Crustal Structure

9950-01896

Samuel T. Harding
Branch of Geologic Risk Assessment
U.S. Geological Survey, MS 966
Denver Federal Center, Box 25046
Denver, CO 80225
(303) 236-1572

Investigations

1.
a.
b.
Ce
Results
1.

Investigating and processing high-resolution seismic-reflection lines for
the following:

During June, high-resolution seismic-reflection lines were run to
complete the surveys of the Becks Hot Springs area in Salt Lake City,
Utah. The surveys were conducted for 3 miles along Redwood Drive.
Lines were tied along 1700 Ave. and State road 249, and a line was run
between 1700 Ave and 2100 North Ave. along Cuddy Lane. A third line
was run north of the Bonneville Supply canal through the Chevron
Refinery.

Two surveys were conducted across fault scarps south of Toole, Utah,
in Edwards and Bell Canyons.

During September 1986, six shallow reflection profiles were rumn across
the southern San Andreas fault using the Mini-Sosie system. Profiles
transverse the fault in Whitewater Canyon, 0ld Twentynine Palms
Highway, Palm Avenue, Thousand Palms Canyon Road, and an unnamed road
near Mortmar.

Processing of high-resolution seismic-reflection lines:

ade

b.

The data from Becks Hot Springs have been processed to a brute stack
and work is being done to complete this study.

The processing of this data is still in progress.

The data collected across the San Andreas fault present a number of
problems. The geology was considerably more complex than first
anticipated. The profiles indicate a very complex reflection-return
pattern and may necessitate wave—equation modeling to unravel the
reflection patterns seen on these cross sections.
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Harding, S.T., Wesson, R.L., Nicholson, Craig, and Morton, P., 1986, Shallow

reflection profiling across the base of the southern San Andreas fault
[abs.]: Transactions of the American Geophysical Union [EOS], v. 67, p.
1200.

Whitney, J.W., Shrobs, R.R., Simonds, F.W., and Harding, S.T., Recurrent

Quaternary movement of the Windy Wash fault, Nye County, Nevada [abs.]:
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Seismic Source Characteristics of Western States Earthquakes
Contract No. 14-08-0001-G1183
Dr. Donald V. Helmberger

Seismological Laboratory
California Institute of Technology
Pasadena, California 91125
(818) 356-6998

Summary Report
Investigation and Results

A program of continuing work on the characteristics of pre-and-
-post 1962 U.S. earthquakes is in progress. It is based primarily on
some recent advances in wave-propagational codes for laterally varying
Earth models. Structures with arbitrary variations in two dimensions
can now be handled with distributed double-couple excitations. More
precise Green's functions lead directly to a clearer picture of
detailed source properties as well as to provide am exploration of
complex strong motion patterns. For example, finite-difference
seismograms calculated for the 1971 San Fernando earthquake show strong
effects due to lateral variation in sediment thickness in the San
Fernando valley and the Los Angeles basin. Using known basin structure
and teleseismically determined source parameters, two-dimensional SH
and P-SV finite difference calculations can reproduce the amplitude and
duration of the strong motion velocities recorded across the basins in
Los Angeles in the period range from 1 to 10 seconds. The edges of
basins nearest the seismic source show ground motion amplification up
to a factor of three, and tend to convert direct shear waves into Love
and Rayleigh waves that travel within the basins. The computed motions
are sensitive to the mechanism and location of earthquakes. A strike-
slip earthquake on the Newport-Inglewood fault zone, for example, would
show different patterns of peak velocity and duration of shaking
across the San Fernando and Los Angeles basins, see Vidale and Helmber-
ger (1986). (Elastic finite-difference modeling of the 1971 San
Fernando, California Earthquake, submitted to BSSA).

The major task of collecting and analyzing the WWSSN and LRSM
recording of United States earthquakes (m>5) has taken considerably
more effort than anticipated. Some preliminary results on source
parameter inversion for representative events were discussed in the
USGS Open-File Report 86-31. [Essentially, the depth estimates come
from modeling the short period depth phases pP and sP while the moment
and orientation are established by modeling the long period body waves
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and P1 regional waveforms. The intensity of the short period signals
relative to the long periods signals 1is used primarily to set the
stress level. When events occur in regions of good local array
coverage we generally find quite good fault parameter comparisons with
our results, source depth, etc. Out of the 20 or so events studied to
date, we find that Walker Pass (1962), source depth, h=16 km, and
Homestead Valley, h=4, have high stress drops while some of the lowest
stress drops occur in Imperial Valley. The aftershocks of Coalinga
occurring at various depths, likewise, do not show any clear pattern.
In short, we have not found much evidence for a correlation between
stress drop and depth. Apparently, complex geology and recurrence
relationships are probably playing a more important role than depth.
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Analysis of Earthquake Data from the Greater Los Angeles Basin
and Adjacent Offshore Area, Southern California

#14-08-0001-G-1158

Egill Hauksson
Ta-liang Teng
Geoffrey Saldivar
Center for Earth Sciences
University of Southern California
Los Angeles, CA 90089-0741
(213) 743-7007

INVESTIGATIONS

Analyze earthquake data recorded by the USC and CIT/USGS networks during
the last 12 years in the Los Angeles basin to improve earthquake locations
including depth and to determine the detailed patterns of faulting in the
study region. A study of the seismotectonics of the Newport-Inglewood fault
has been completed.

RESULTS

The Newport-Inglewood fault zone (NIF) strikes northwest along the
western margin of the Los Angeles basin in southern California. The
seismicity (1973-1985) of M >2.5 that occurred within a 20 km wide rectangle
centered on the NIF extending from the Santa Monica fault in the north to
Newport Beach in the south is analyzed. A simultaneous full inversion scheme
(VELEST) is used to invert for hypocentral parameters, two velocity models and
a set of station delays. Arrival time data from three quarry blasts are
included to stabilize the inversion. The first velocity model applies to
stations located along the rim and outside the Los Angeles basin and is well
resolved. It is almost identical to the starting model, which is the model
routinely used by the CIT/USGS southern California seismic network for
locating local earthquakes. The second velocity model applies to stations
located within the Los Angeles basin. It shows significantly lower velocities
down to depths of 12-16 km, which is consistent with basement of Catalina
Schist below the sediments in the western Los Angeles basin. The distribution
of relocated hypocenters shows an improved correspondence to mapped surface
traces of late Quaternary fault segments of the NIF (Figure 1). A diffuse
trend of seismicity is observed along the Inglewood fault from the Dominguez
Hi1ls, across the Baldwin Hills to the Santa Monica fault in the north. The
seismicity adjacent to Long Beach, however, is offset 4-5 km to the east, near
the trace of the subsurface Los Alamitos fault. The depth distribution of
earthquakes along the NIF shows clustering from 6 km to 11 km depth, which is
similar to average seismogenic depths in southern California. Thirty-nine
single-event focal mechanisms of small earthquakes (1977-1985) show mostly
strike-s1ip faulting with some reverse faulting along the north segment (north
of Dominguez Hills) and some normal faulting along the south segment (south of
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Dominguez Hills to Newport Beach). The results of an inversion of the focal
mechanism data for orientations of the principal stress axes and their
relative magnitudes indicate that the minimum principal stress is vertical
along the north segment while the intermediate stress is vertical along the
south segment (Figure 2). The maximum principal stress axis is oriented
10-25° east of north. Reverse faulting along the north segment indicates that
a transition zone of mostly compressive deformation exists between the Los
Angeles block and the Central Transverse Ranges.

REPQORTS

Hauksson, E., T. L. Teng and G. Saldivar, Analysis of Earthquake Data from
the Greater Los Angeles Basin and Adjacent Offshore Area, Southern California,
U.S.C. Annual Technical Report #86-5, prepared for the U.S.G.S., 31 pp.,

1986.

Hauksson, E. and G. Saldivar, The 1930 Santa Monica and the 1979 Malibu,
California, Earthquakes, to appear in BSSA, December 1986.

Hauksson, E., Seismotectonics of the Newport-Inglewood fault zone in the Los
Angeles Basin, Southern California, in press BSSA, 1987.

Hauksson, E., T. L. Teng and T. L. Henyey, Near-Surface Attenuation of Wave-
forms of Local Earthquakes: Results from a 1500 m Deep Downhole Seismometer
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NEWPORT-INGLEWOOD FAULT ZONE
RELOCATED HYPOCENTERS 1973-1985
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Figure 1. (Above) Map of the Los Angeles basin and the Newport-Inglewood fault
zone showing relocated hypocenters determined with two velocity models
and a corresponding set of station delays. (Below) Depth section (A-A')
showing the relocated hypocenters along the Newport-Inglewood fault zone.

73



I-2

30' 15 118°00" 45"

34°00'

| %
N
25
O 5 10 IS 20km
It ———— —t——
15" L
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Earthquake Hazard Research in the Central United States
14-08-0001-G1090

Robert B. Herrmann
Department of Earth and Atmospheric Sciences
Saint Louis University
P.O. Box 8099 Laclede Station
St. Louis, MO 63156
(314) 658-3131

Goals

1. Perform research on the earthquake process in the New Madrid Seismic Zone to delineate the
active tectonic processes.

2. Perform more general research relating to the problems of the eastern U. S. earthquake process
and of the nature of eastern U. S. earthquakes compared to western U. S. earthquakes.

Investigations

1. A reinvestigation of spectral scaling of earthquakes in the Central Mississippi Valley Seismic
zone is proceeding. Spectral data from 5 magnetic tapes of digitized LRSM data provided by EPRI
have been processed. In addition, data from digitized old seismograms, pre 1941, have been
obtained from R. Street, University of Kentucky, for reanalysis.

There is a problem in determining the corner frequency from the Lg-wave for large historical
events. When the corner period is on the order of 10 seconds, the Lg wave is composed of only one
or two higher modes, and the ability of the superposition of higher mode surface waves to scale as
a simple body wave spectrum fails due to the small number of modes. In addition, the Lg on hor-
izontal components becomes contaminated by the fundamental mode Love wave. The lack of a
sharp corner frequency leads to an ambiguous relation between corner frequency and seismic
moment that can only be resolved by using independent seismic moment data. However, the spec-
tral excitation at 1 Hz is very stable.

2. Surface waves of the January 31, 1986 Cleveland, Ohio earthquake are being studied. Prelim-
inary results are as follow:

The focal mechanism of the magnitude 5, Perry, Ohio earthquake determined using long
period surface waves is one that strikes 115° dips 70° to the south and which has a slip angle of
10°. The focal depth is shallow, in the range of 3 - 8 km, and the seismic moment is approximately
1.0 10® dyne-cm.

This earthquake triggered a strong motion accelerograph 16 km north of the epicenter.
Attempts are made to model this accelerogram. The focal mechanism with a focal depth of 6 km
fits the gross properties of the accelerogram well, e.g., the polarity of the SH pulse, the relative
amplitudes of the radial and transverse traces. The vertical amplitudes are underestimated by a
factor of 2 - 4. There is a tradeoff between detailed shallow velocity structure ( 20 meters ) and
the seismic moment estimate. The modeling does resolve the surface wave ambiguity of a 180°
rotation of the nodal planes.

In order to fit high frequency waveforms, or to estimate source properties from such data, it
is essential that high frequency data acquisition experiments also make efforts to define earth struc-
ture. Recording surfaces waves from nearby blasts can provide sufficient detail.

Results

A paper entitled "Focal Mechanisms Studies of the January 31, 1986 Perry, Ohio Earth-
quake" has been presented at the Eastern Section, Seismological Society of America meeting in
October.
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Tectonics of Central and Northern California
9910-01290

William P, Irwin
Branch of Engineering Seismology and Geology
U. S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
(415) 323-8111, ext. 2065

Investigations

1.

Extensional tectonics of northern California, in collaboration with R.A.
Schweickert. Field investigation was done on both the NW and SE sides of
the Trinity ultramafic sheet, a structure that may be the equivalent of a
metamorphic core complex.

Distribution of radiolarian cherts in the central and southern Coast
Ranges, in collaboration with C.D. Blome and M.J. Rymer.

Paleomagnetic study of accreted terranes of the Klamath Mouontains and
adjacent regions, in collaboration with E.A, Mankinen and C.S. Gromme,

Preparing a chapter titled "Geology and Plate Tectonic Development” for a
multi-authored report on the San Andreas fault.

Results

1.

A detachment surface, similar to those associated with core complexes, was
seen only at the La Grange mine. There the detachment surface is remark-
ably well exposed for several hundred feet along highway 299 and consists
of a gently SE-dipping layer of mylonite with well developed mullion
structures that are oriented downdip. The boundary between the the Trin-
ity sheet and the adjacent Paleozoic strata of the Redding section 1is
aligned with the La Grange fault for nearly 80 km to the NE, and although
it probably is a continuation of the detachment fault seen at the la
Grange mine, no exposures of the contact could be found during the field
work,

Samples were taken of the principal known exposures of Franciscan radio-
larian chert on both the eastern and western sides of the Salinian block
in the central and southern Coast Ranges. Particular attention was given
to the chert that was thought 1likely to be Lower Jurassic and that was
seen to lie depositionally on the mafic volcanic rocks. Study of the
distribution and faunal differences of the radiolarian cherts may yield
important data relating to large lateral dislocation of the Franciscan to
either side of the Salinian block. Laboratory work on the chert samples
is not yet complete.
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3. Additional core drilling was done on the Pit River stock (Triassic) at
Shasta Lake, northern California, during the report period. A compre-
hensive report on our paleomagnetic study of northern California is now
being prepared.

4, A first draft of the chapter has been completed.

Regorts

Schweickert, R.A., and Irwin, W.P., 1986, Tertiary detachment faulting in the
Klamath Mountains, California: Geological Society of America, Abstracts
with Programs, v. 18, no. 6, p. 742,

Lanphere, M.A., and Irwin, W. P,, 1986, In search of the Abrams Post Office:
Califormia Geology, (in press).
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Investigation of Prediction Methods for Subduction-Zone Earthquakes
Grant Number 14-08-0001-G-1099

Carl Kisslinger
Cooperative Institute for Research in Environmental Sciences
Campus Box 449, University of Colorado
Boulder, Colorado 80309
(303) 492-6089

Prediction of the May 7, 1986 Andreanof Islands Earthquake.

Prediction research in the Adak seismic zone, central Aleutian Islands, underway since
1974 and supported by the NEHRP since 1977, reached a milestone with the occurrence of the
Mg 7.7 earthquake on May 7, 1986. The USGS preliminary fixed depth epicenter is south of

Atka Island, in the easternmost section of the part of the seismic zone that is monitored by the
Central Aleutian Seismic Network. The rupture plane defined by the distribution of PDE-
located aftershocks for the first 24 hours was about 220 km long, extending mostly to the
southwest through the eastern and central part of the region of coverage of the local network.
Rupture terminated near the eastern margin of Adak Canyon. An Mg 6.0 foreshock occurred

two hours before the main shock and four aftershocks with magnitudes greater than 6 have fol-
lowed. The USGS has located 270 aftershocks through August 21, 105 days after the main
shock. The many hundreds of aftershocks recorded by the local network have saturated the
data analysis system and several months will be required before all of these are located, even
though a lower magnitude cutoff of 2.3 has been imposed. The data set contains much informa-
tion about the rupture zone, and studies of such characteristics as changes in stresses associated
with the events and the distribution of Q within and on the margin of the rupture zone have
been started, but cannot move forward until the massive location effort is completed.

This event appears to fulfill our prediction for a major earthquake, even though the specifi-
cation of each of the parameters was in error to some extent. The prediction was formulated
and made public more than two years before the event. In the post-event evaluation, the pred-
iction is being treated as consisting of two parts, the general statement that an event greater
than magnitude 7 would occur near Adak at about this time, and the specific statements as to
magnitude, place, and time. We recognized and acknowledged from the beginning that the
attempt to be specific, considered essential if prediction research is to make progress, was based
on limited knowledge of fundamental processes and limited experience.

The prediction was based on the observation of a clear quiescence in locally determined
seismicity over the part of the seismic zone that ultimately proved to be the major portion of
the rupture plane. The quiescence is also seen in the events with body wave magnitudes of 4.5
and greater, as reported in the PDE, but because the total number of events in small sections of
the zone is small for these data, the observation is perhaps not as convincing as in the local
data. The quiescence observed in the local data lasted 3 years and 10 months, which seems in
reasonable agreement with the 3 year teleseismic quiescence found by Habermann for the 1971
Adak Canyon earthquake. This single case was the basis for our time prediction of the recent
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event.

We are now analyzing the reasons for the errors in the specifications and beginning to
draw some of the lessons from this experience that are important for further prediction research.
With the actual characteristics of the event known, we have found the form of presentation of
the seismicity data that would have been most revealing as to what was to come. The error in
recurrence time was clearly the result of lack of enough prior cases to permit an assessment of
the uncertainties. The underestimation of magnitude by about 0.5 was due to the influence of
general recurrence concepts, which suggested that it was rather soon after the great 1957 event
for another as large as that which actually happened. If the judgement had been based solely
on the size of the area over which quiescence occurred, an event close to 8 would have been
called for. The epicenter error, about 150 km too far west, and the location of the rupture
plane, proposed as across Adak Canyon rather than to the east of it, were due in part to a
misinterpretation of the significance of the SW2 asperity (it turned out to be the stopping place
rather than the nucleation point), and the observed deficiency of moderate earthquake activity
under Adak Canyon since 1971. Also, human bias in over-emphasizing what was happening
within the area well-monitored by our network and ignoring equally important behavior just
outside of it played a role.

The occurrence supports strongly the hypothesis that pronounced and prolonged quies-
cence is a precursor to a major earthquake. More cases based on data acquired with local net-
works, providing the high resolution needed, are required to provide a basis for establishing the
reliability of this precursor in terms of false alarms and failures to predict. A paper summariz-
ing the prediction has been submitted to Geophysical Research Letters.

The Aftershocks of the May 7 Earthquake.

An analysis of the temporal distribution of the aftershock sequence based on the PDE list
has been undertaken in a search for quiescence that might have occurred before the largest aft-
ershocks, as suggested recently by by Matsu’ura. No indications of such quiescence have been
found, but a remarkable, if subtle, change in the properties of the time sequence at day 3.5 after
the main shock has been discovered. The corresponds to the beginning of expansion of the aft-
ershock zone to the northeast, but the effect seems to involve the whole aftershock zone. At
about the same time a marked change in b-value, from 0.89 to 1.2 occurred. A relation between
the rate of decrease of aftershock occurrence and b-value has been suggested by Utsu, but no
firm conclusions have been reached yet.

Distribution of Q within and on the Margin of the Rupture Zone

The amplitude decay rate of high-frequency coda from small local earthquakes can be used
to derive an apparent Q value which is a statistical indicator of the heterogeneity and anelasti-
city of the earth medium in the vicinity of the source-receiver region. Precursory coda-Q
changes have been reported for some moderate to large earthquakes. The May 7 Andreanof
Islands earthquake provides a good opportunity to test the possibility of precursory coda-Q
changes for subduction zone earthquakes.

One goal of our study is to find if there is any difference in the coda Q between the eastern
part of the network area (which became part of the rupture zone of the May 7 earthquake) and
the seismically less active west regions. The data from 1985 through April 1986 have been pro-
cessed and analyzed. The scatter of the resulting Q values is reasonable (standard deviation
about 20% of the mean) and can be improved slightly by culling the original data. No spatial
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difference in Q can be claimed between the eastern and western regions of the Adak network
coverage area. The resulting data are being searched for any precursory changes.

When data become available for times after the May 7 earthquake, Q values will be deter-
mined for a comparison of the values before and after this large earthquake. This should pro-
vide insight as to how temporal variations in the stress field affect the coda Q in this subduction
zone.

Stress Distributions

In response to our prediction several years ago of a major earthquake in the Adak region,
an examination of the stress distribution in vicinity of the predicted epicenter was started.
With the occurrence of the May 7 earthquake, the focus of the study has been shifted both to
the east of the original study area, well within the rupture zone, and to the west of it, where the
region under Adak Canyon still has not broken. So far values of stress drop and apparent stress
have been determined for about 60 earthquakes in the eastern part of the network from
November, 1985, through May 8, 1986, and for about 25 events in the Adak Canyon region for
1986 through May 8, but no patterns of variation of stress drop or apparent stress as a function
of time or space has yet been recognized in the resulting data.
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Investigations

1.

Guinea, West Africa, postearthquake study--local investigation of
aftershocks resulting from Mg = 6.2 earthquake of 22 December 1983.

2, North Yemen postearthquake study--local investigation of aftershocks
resulting from my = 6.0 earthquake of 13 December 1982.

3. Western Argentina postearthquake study--local investigation of
aftershocks resulting from Mg = 7.3 earthquake of 23 November 1977.

Results

1. The recently completed study (Langer and others, 198 ) reports on

results of geologic and seismologic field studies conducted following the
rare occurrence of a moderate-sized west African earthquake (mb = 6.4)
with associated ground breakage. The epicentral area of the northwestern
Guinea earthquake of December 22, 1983, is a coastal margin, intraplate
locale with a very low level of historical seismicity. The principal
results include observations that the seismic faulting occurred on a pre-
existing fault system and the achievement of good agreement between the
surface faulting, the spatial distribution of the aftershock hypocenters,
and the composite focal mechanism solutions. We are not able, however,
to shed any light on the reason(s) for the unexpected occurrence of this
intraplate earthquake. Thus, the significance of this study is its
contribution to the observational datum for such earthquakes and for the
seismicity of west Africa.

The main shock was associated with at least 9 km of surface fault-
rupture. Trending east-southeast to east-west, measured fault
displacements up to ~13 cm were predominantly right-lateral strike slip
and were accompanied by an additional component (5-7 cm) of vertical
movement , southwest side down. The surface faulting occurred on a
preexisting fault whose field characteristics suggest a low slip rate
with very infrequent earthquakes. There were extensive rockfalls and
minor liquefaction effects at distances less than 10 km from the surface
faulting and main-shock epicenter. Main shock focal mechanism solutions
derived from teleseismic data by other workers show a strong component of
normal faulting motion that was not observed in the ground ruptures.

A 15-day period of aftershock monitoring, commencing 22 days after the

main shock, was conducted. Eleven portable, analog short-period vertical
seismographs were deployed in a network with an aperture of 25 km and an
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average station spacing of 7 km. More than 200 aftershocks, with
duration magnitudes of about 1.5 or greater, were recorded; analysis of a
selected subset (95) of those events define a tabular aftershock volume
(26 km long by 14 km wide by 4 km thick) trending east-southeast and
dipping steeply (~60°) to the south-southwest. Composite focal mechan-
isms for groups of events distributed throughout the aftershock volume,
exhibit right-lateral, strike-slip motion on sub-vertical planes that
strike almost due east. Thus, the general agreement between the field
geologic and seismologic results is good, however, our preferred inter-
pretation is for three en-echelon faults striking almost due east-west.

The North Yemen epicentral locale in the southwestern part of the Arabian
Peninsula is 200-300 km landward from the active rifting of the Red Sea
and Sea of Aden. The magnitude 6.0 (Mg and mb) main shock of December
13, 1982, caused considerable death, injury, and damage locally and was
followed by an extensive aftershock sequence. A 12-day study employing a
10-station portable seismograph network was conducted between December 9,
1982, and January 9, 1983.

Hypocentral locations were determined for 230 shocks selected from the
thousands of recorded events (duration magnitudes between 1.8 and 4.6).
These aftershocks define a source volume that is roughly 20X20X10 km.
From that volume, about half (~110) of only the best constrained
hypocenters with depths greater than 3 km were selected for detailed
analysis. The 110 aftershock data set was divided into subsets according
to geographic position (northern and southern) and temporal sequencing (a
distinct aftershock sequence late in the monitoring period). A series of
composite focal mechanism solutions (CFMS) show the aftershocks are dip-
slip faulting (normal) on planes with north-northwest to northwest
strikes and dips that were variable in amount (~30° to ~80°) and in
direction (southwest and northeast).

The strike and extensional nature of these CFMS are in good agreement
with the main shock focal mechanisms, the surficial and bedrock geology
in the epicentral area and the linear surface cracks observed in the
field there following the December mainshock. We interpret the spatial
distribution of our results to describe conjugate faulting episodes
associated with a north-northwest striking fault.

An aftershock survey, using a network of eight portable and two permanent
seismographs, was conducted for the western Argentina (Caucete)
earthquake (M, = 7.3) of November 23, 1977. The monitoring began on
December 6, almost 2 weeks after the main shock and continued for a
period of 11 days. A data set of 185 aftershock hypocenters in the depth
range from near surface to 30+ km was obtained. The spatial distribution
of those events occupied a volume of about 100X40X30 km (length X width X
thickness, respectively). The volumnar nature of the aftershock
distribution is principally a result of a bimodal distribution of foci
that define east- and west- dipping planar zones. Efforts to select
which of those zones was associated with the causal faulting include
special attention to the determination of the mainshock focal depth and
dislocation theory modeling of the coseismic surface deformation in the
epicentral locale. Our focal depth (25-30 km, rather than a previous
estimate of 17 km) and modeling studies lead us to prefer the east-
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dipping plane as causal. Previous interpretations by Kadinsky-Cade and
others (1985) that used the shallower focal depth and similar modeling
calculations had selected the west-dipping plane. Our selection has the
advantage of having fault initiation at the base of the crustal
seismogenic layer (rather than in the middle of that layer) and fault
propagation updip (rather than downdip).

The ten stations included in our temporary seismograph network for
locating aftershocks were sited where the underlying sedimentary rock
columns had thicknesses ranging from O to 6 km (up to 1l.5-sec variation
in vertical one-way travel times for the P-waves). Such rapid changes in
the velocity structure cause considerable difficulty in obtaining
accurate hypocenter locations. Fortunately, velocity data were available
in the form of 26 refraction profiles for the near surface (0-6+ km).
Those profiles gave the velocities for the sedimentary column and the
underlying Precambrian basement in the network area. An estimate of the
regional crustal velocity structure for this geologically complex area
had also been determined previously by analysis of data from a well-
located nearby earthquake. Unpublished surface-wave studies extend the
model to the upper mantle. This study describes the use of the available
data to refine the velocity estimates for the uppermost layers of the
regional crustal velocity model and the method used to calculate P-wave
travel time corrections for each station. The resulting model and
station corrections were used, with good results, to locate 185 after-
shocks. Average HYPO71 error measures for the aftershock hypocenters
were: RMS=0.12 sec, ERH=10.7 km, ERZ=%1.3 km.
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PALEOLIQUEFACTION STUDIES NEAR CHARLESTON, SOUTH CAROLINA
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Stephen F. Obermeier and Gregory Gohn -
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U.S. Geological Survey
MS 922, National Center
Reston, Virginia 22092
(703) 648-6791 or (703) 648-6900

Investigations

Field searches were made for paleoliquefaction sites in
coastal South Carolina, near Beaufort. 1In addition, sand blow
sites previously discovered, such as the site at Hollywood, were
re-examined for the purpose of further developing criteria that
can be used to interpret an earthquake origin to liquefaction
features.

Results

Liquefaction-induced features were discovered near Beaufort
(at Bluffton); the features at Bluffton have most of the same
sedimentological relations and ground disruption characteristics
as the sand blows at Hollywood, and thus are believed to be
probably earthquake in origin. The final conclusion of origin
must be based on an on-going (FY87) study of mechanical
properties of source sands at depth, and a study of the local
ground-water setting.

A draft report has been completed, discussing geologic
criteria for interpreting an earthquake origin to liquefaction
features in coastal South Carolina and the New Madrid seismic
zones. These criteria are based on the nature of the surficial
ground disruption, in combination with study of the local ground-
water setting. The report makes it clear that geologic criteria
may not be sufficient for determining origin at some sites. The
report also points out that engineering studies on source sands
at depth can probably determine origin at some sites, and
discusses types of mechanical property relationships that can be
used to interpret origin.
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Investigations

1. An extensive search for 1886 and pre-1886 liquefaction features was
continued in the 30-mile-wide belt along the coast of South Carolina.
This coastal belt has now been searched in reconnaissance fashion from the
North Carolina border to the Georgia border.

2. The ages of numerous sand blows at the Hollywood, Charleston County,
locality have been determined within limits set by the radiocarbon ages of
associated organic materials. Radiocarbon ages have been determined for
organic soils disrupted by sand blows, wood within filled sand blow
craters, roots cut by sand blows, and roots growing into sand blow
craters.

3. Organic materials associated with sand blows at numerous sites in the
coastal area of South Carolina have been sampled for radiocarbon analysis.

Results

1. Multiple late Pleistocene to Holocene sand blows have been discovered at
several sites throughout the coastal area of South Carolina. The fact
that pre-1886 sand blows have a much wider geographic distribution than do
the 1886 sand blows suggests that either multiple seismic source zones
capable of generating liquefaction-producing earthquakes exist in South
Carolina or that a pre-1886 earthquake larger than the 1886 earthquake has
occurred in the 1886 source zone.

2. Analysis of the radiocarbon ages for organic materials associated with
sand blows at the Hollywood locality indicates that liquefaction-producing
earthquakes occurred in that area: at about 1230 y.b.p., between about
1670 and about 3700 y.b.p., and between about 4200 and about 7100 y.b.p.

3. The Pleistocene beach sands of coastal South Carolina are much more
susceptible to liquefaction than standard sands used for engineering
analysis (for a given relative density). This very high susceptibility
explains in part the commonplace occurrence of liquefaction features in
the 1886.
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Array Studies of Seismicity
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Investigations

1.

Analyze fault-plane solutions of aftershocks of the M6.2 Morgan Hill
earthquake which occurred on April 24, 1984 to gain understanding of
regional stress field.

2. Begin consolidation and clean-up phase data of central California
Seismic Network (CALNET) from 1969 through 1984.

3. Analysis of P- and S-velocity structure at Coalinga, California.

4. Begin investigation of characteristic earthquake sets (M>4.0) in Stone
Canyon/Bear Valley region of the San Andreas fault.

Results

1. We computed 315 fault-plane solutions for aftershocks (M > 1.5) of the

Morgan Hi1l earthquake on the Calaveras fault. The distribution of
polarity discrepancies with respect to the position of observing
stations is strongly non-uniform. Sixty-three percent of the
discrepancies occur at only 10 stations, all but one of which are
located along the trace of the Calaveras fault. The fact that most of
the discrepancies occur at stations close to the fault suggests that
these errors stem from either unmodeled lateral refractions across the
fault or errors in epicentral determination.

Most of the aftershock focal mechanisms for earthquakes locating on
the Calaveras fault are similar to mechanisms reported for the
mainshock, but the dip of the assumed slip plane tends to dip 50- 70°

NE as opposed to 84° SW of the mainshock or the 85  NE alignment of
aftershocks. We believe that this discrepancy arises because the
computation procedure attempts to accomodate the discrepant polarities
of nearby stations affected by the problem of unmodeled lateral
refraction.

Focal mechanisms for shallow aftershocks of north-south seismicity
trends northwest of the Calaveras fault zone indicate right-lateral
slip on vertically oriented faults parallel to the seismicity trends.
The orientation of these aftershocks suggests that the latter
represents frictional failure on prexisting faults rather than failure
of intact rock.
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Fault plane solutions for aftershocks in the vicinity of the Anderson
Reservoir exhibit pure reverse motion along fault planes parallel to
the north-dipping, reverse Silver Creek and Coyote Creek faults. The
following causes for generating pure reverse slip on these fault
orientations can be rejected:

a) The motion is inconsistent with estimates of the orientation of
the regional stress field. From the orientation of the stress
field inferred from geodetic measurements and specification of
the relative magnitudes of the principal stresses, slip would be
predicted as oblique, right-lateral reverse (phi=0) through pure
right-lateral to oblique, right-lateral normal slip (phi=1); pure
reverse slip is not predicted.

b) Stress perturbations due to the mainshock have not appreciably
altered the regional stress field in this region. Because fault
plane solutions for earthquakes occurring in the vicinity of the
Anderson Reservoir prior to the mainshock also exhibit pure
reverse motion, the stress field responsible for these
earthquakes is a long-term feature of this region.

c¢) The stress field arising from repeated rupture along this
characteristic segment of the Calaveras fault does not give rise
to reverse faulting. Preliminary attempts to model the resulting
stress field assuming a linear, elastic half-space for
rectangular dislocations deduced from strong ground motion
studies (Hartzell and Heaton, 1986) predicts normal faulting
instead of reverse.

These mechanisms indicate that the stress field is nonuniform in this
region. This local stress field may represent a component of regional
contraction normal to the orientation of the Calaveras fault, as indicated
in geodetic measurements at Parkfield (Segall and Harris, 1986), and
reverse faulting and folding throughout central California.

Alternatively, the stress field may represent attempts to accomodate the
bifurcation of the Calaveras and Hayward faults to the north, or Calaveras
and San Andreas faults to the south. A manuscript describing these
results is in preparation.

2. The large volume of seismic data recorded by the CALNET since 1969 has
frequently overwhelmed our capacity to process the data. The result
has been inconsistent data archiving, uncorrected data errors, and
undocumented procedures. In an effort to correct this situation, all
the available CALNET P-wave phase data have been assimilated,
chronologically sorted, and corrected for gross data errors. These
data will be relocated with appropriate regional velocity models, and
the hypocenters will be examined for obvious data errors. Disjointed
data sets will then be merged together and magnitudes will be
recalculated, incorporating known systematic biases through time. The
resulting data will be stored in a permanent. data base that will be
available to the general research community. Accompanying
documentation will describe the data quality, location procedures, and
network history.
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Existing computer programs which simultaneously invert local
earthquake traveltime data for the 3-dimensional velocity structure
and hypocentral parameters have been extensively modified. The
inversion now solves for both S- and P-velocity through an improved
ray-tracing method, and the velocity at designated nodes may be
fixed. More stations, arrival times, and velocity nodes are also
permited in the new code.

Inversion of traveltime data recorded in the vicinity of Coalinga,
California for 3-dimensional velocity structure reveals that the axes
of the Joaquin Ridge and Coalinga Anticline are expressed as high
velocity features. Lower velocities are observed in the San Joaquin
and Pleasant Valleys. The basement appears to dip at a moderately
steep angle beneath the Coalinga Anticline. There are several locales
that exhibit lower velocity than is predicted from the existing
knowledge of geologic structure, and several other locales exhibit
velocity reversals. The latter may be interpreted as overpressured
zones analagous to results derived in laboratory settings in which
reduced P- and S-velocities were observed under high pore pressure
conditions.

Seismograms written on the Wood-Anderson seismograph at Mount Hamilton
were collected for all M > 4.0 earthquakes in the Stone Canyon/Bear
Valley region of the San Andreas for the time period of 1/34 through
6/86. This instrument has been continuous operation at its present
location since 1928; therefore the general character of the records
should not be significantly altered by changes in instrumentation or
site. A systematic comparison of the seismograms has revealed a dozen
characteristic sets, each containing 2 to 5 events displaying highly
repeatable waveforms. Phase data was also assembled for those events
occurring between 1/69 and 6/86. Joint hypocenter determinations for
those characteristic pairs falling within this time range show a
separation of only a few hundred meters in each case. Present efforts
are directed toward high precision scaling of the S-wave and coda wave
amplitudes to determine the temporal stability of the coda waves.
Preliminary results show that the ratio of the S-wave amplitude to the
coda wave amplitude varies by as much as 50 percent between 1934 and
1986. A manuscript detailing the results of this study is in
preparation.

A more detailed study of one characteristic set at Stone Canyon is in
progress. This set contains three events, August 6, 1951, September 4,
1972, and May 31, 1986 having catalogue magnitudes of 4.7, 4.6 and 4.5
respectively. Moment ratios determined by the amplitude scaling
between seismograms for 1951:1972:1986 of 2:2:1 are not in simple
agreement with either the time or slip predictable models. A joint
hypocenter determination between 1972 and 1986 using 18 common Calnet
stations reveals_that the two events nucleated within 100 m (or less)
of each other. The 1972 and 1986 events were preceded by a similar
foreshock sequence; however, records from Mt. Hamilton suggest that
there was no foreshock activity in 1951. Aftershock activity,
although more vigorous in 1972, followed virtually the same spatial
and temporal patterns in 1972 and 1986.
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Investigations

The Mountain Run fault zone (MRFZ) is a regional feature about 75 km in
length, as presently known from mapping and interpretation of published
reports. It is best defined as a physiographic feature in the Unionville
Quadrangle. There it contains a linear fault-line scarp that transects the
quadrangle in a northeast direction. At its north end, the MRFZ forms part of
the southeast boundary of the early Mesozoic Culpeper basin. The secarp is
held up by phyllonite, and such phyllonite extends over a width at least 2.5
km to the southeast of the scarp. An alluvium-filled valley lies on the
northwest side of the scarp and to the northwest of this valley is a narrow
zone of faulted and sheared rocks that form the northwest boundary of the
MRFZ. Mapping has followed the MRFZ from about the Mesozoic Culpeper basin
near the Rappahannock River southwestward to near Charlottesville, Va.

The MRFZ separates a thrust faulted early Paleozoic (pre-440 m.y.) melange
terrane on its southeast side (which is considered to be the remnants of a
back-arc basin) from a phyllite, slate, and limestone unit that unconformably
overlies the Precambrian Catoctin Greenstone and which together are considered
as part of ancestral (pre-440 m.y.) North America. Therefore, the MRFZ is
considered as a suture that juxtaposed a Cambrian island arc (Central Virginia
volcanic-plutonic belt) and its associated fault-imbricated back-arc basin
(melange terrane) onto or against ancestral North America in pre-440 m.y.
time. Part of the MRFZ was reactivated in early Mesozoic time to define, in
part, the southeast boundary of the Triassic-Jurassic Culpeper basin. The
discovery recently of a thrust fault within the MRFZ that offsets gravels of
probably post-Pliocene age, indicates additional local reactivation within the
MRFZ during late Cenozoic time.

Results

A recent project result has been the development of the hypothesis that some
of the topographic scarps in the central Virginia Piedmont are the result of
neotectonic effects rather than due entirely to lithologic control.
Specifically, the long Mountain Run scarp (MRS) within the MRFZ in the
Unionville quadrangle and the shorter Kelleys Ford scarp (KFS) along a strand
of the MRFZ in the northeast part of Germanna Bridge quadrangle, apparently
have tectonically controlled the eastward flow of the major rivers in this
region starting in the Tertiary and continuing up to the present. Both scarps
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are underlain by quartz-veined phyllonite. This lithology is continuous in a
belt along strike between two en echelon scarps. However, the intervening
phyllonitic terrane lacks scarps and both the Rappahannock and Rapidan Rivers
flow eastward across this scarpless phyllonitic terrane and continue across
the Piedmont and eventually (Rappahannock River) onto the Coastal Plain. The
Rappahannock in particular is deflected by the KFS and only crosses the
phyllonitic terrane at the south end of this scarp. In the Unionville
quadrangle, the northeast flowing Mountain Run first starts flowing eastward
across the phyllonite terrane at the northeast end of the MRS.

These drainage-controlling scarps are believed to have formed as discontinuous
en echelon fault segments along and within the MRFZ. These faults are
believed to be steep to vertical in attitude with the southeast side
upthrown. They are now buried beneath alluvium close to the foot of the
northwest facing scarps. The bold relief of these scarps supports the
hypothesis that uplift has been continuous along their controlling faults
since the Tertiary and into fairly recent time, otherwise they would not have
escaped the obliterating effects of weathering and erosion that produce the
generally subdued land forms found within the Piedmont. The scarpless,
phyllonite-floored terrane intervening between the MRS and KFS is
characterized by a generally gentle, northwest-sloping surface that gradually
grades into the Culpeper basin immediately to the northwest.

A geologic study supplemented by geophysical and isotopic studies along the
MRFZ to the southwest of its present study area and involving the mapping, in
their entirety, of quadrangles traversed by the MRFZ should enable (1) a
better understanding of the nature and movement history of the MRFZ as it
relates to accretion along the Paleozoic North American continental margin,
and (2) evaluation of neotectonics, with the possibility of recognizing
additional young faults along the strike length of the MRFZ. Also,
reconnaissance to the southwest has encountered slates and phyllites on the
northwest side of the MRFZ that locally bear a resemblance to the Ijamsville
Phyllite of the western Maryland Piedmont. Through the proposed study, it may
be possible therefore to better understand the tectonic relationships between
these two terranes in Virginia and Maryland. A high-resolution reflection
survey run across the MRS and KFS would help to determine whether these scarps
are indeed fault controlled.
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Seismotectonics of the Central Calaveras Fault
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Gary L. Pavlis
Department of Geology
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Bloomington, Indiana 47405
(812) 335-5141

Atilla Aydin
Department of Geosciences
Purdue University
West Lafayette, Indiana 47907

Objective: To improve our understanding of the nature of the
faulting process leading to moderate size, strike slip
earthquakes in California through combined geologic and
seismological investigations.

Investigation: This is a cooperative effort between groups at
Indiana University and Purdue University. The present work has
focused on analysis of data from the source region of the 1984
Morgan Hill earthquake. Work at Indiana University is focused on
analysis of seismic data. The Purdue group has focused on field
mapping of fault structures in the rupture zone of the Morgan
Hill earthquake. Details of current progress follow. By the
conclusion of the project we hope to combine our data to better
understand the processes shaping both the seismic and geologic
data.

Results from work at Indiana University: Our work has progressed
in two different directions. The greatest progress has been made
through the work of Mariana Eneva. In this study we apply
statistical analysis based on pairs of earthquakes to study the
spatial and temporal patterns of seismicity in the region of the
Calaveras fault zone defined by aftershocks of the Morgan Hill
earthquake. We examined 15 years of preshock and 21 months of
aftershock data using two major statistical tools: (1)
frequency distributions of all possible combinations of
earthquake pairs, and (2) the theory of runs. The first is used
to examine nonuniformities in the spatial and temporal
distribution of the seismicity by comparison with average
expected distributions calculated by computer simulations. The
significance of departures from the expected distributions are
appraised by a novel method using tolerance limits that account
for deviations in the distribution resulting from the finiteness
of the sample. We find the spatial distribution is nonuniform in
two major ways. (1) Short distance clustering (distances < 5
km) occur in both the preshock and aftershock sequence. (2) A
long distance nonuniformity caused by concentrations of activity
in two active areas separated by a gap leads to arelative excess
of events separated by 11-19 km. This feature is present in the
preshock and early aftershock sequence, but disappears in the
late aftershock sequence. This suggests a return to a more
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homogeneous stress field. Time interval distributions for the
preshock data imply a marginally significant difference from a
Poissonian distribution. The aftershock activity is dominated by
the classic power law decay in time. However, comparison with a
statistical model derived from the power law shows significant
systematic departures. Finally, application of the theory of
runs reveals a long term pattern in earthquake occurrence related
to alternation of "along strike"™ and "across strike"
subsequences. We are currently in the final stages of submitting
a paper describing this work.

The second direction that we have pursued in examining the
seismic data is presently incomplete. We are in the process of
relocating all the earthquakes for which we have data from this
sequence using technique recently developed by Pavlis and
Hokanson (1985). This technique will combine information
obtained using Thurber's (1983) local earthquake, 3-D inversion
program with a specialized multiple event location program to
provide very precise hypocenter 1locations. These will be
combined at the end of the project with Aydin's fault maps at
which point we will attempt to correlate the two data sets.

Results from work at Purdue University: The central portion of
the Calaveras fault between the Calaveras Reservior in the
northwest and Coyote Lake in the southeast has been studied by
using aerial photographs and field mapping. A preliminary strip
map of 1/24000 scale is prepared. The strip map shows a fault
zone marked by a valley about 4 km wide from one watershed line
to the other. Within the fault valley are numerous fault strands
which are determined with various degrees of confidence. Some
major fault strands are defined geologically by juxtaposition of
the Franciscan and the Late Mesozoic/Tertiary formations
(Crittenden, 1951; Dibble, 1972-1980) and in one case by an
offset alluvial fan. Others are recognized by their geomorphic
expression in the form of fault scarps, distribed drainage
systems and conspicuous linear features such as valleys, ridges,

gullies, saddles, benches and notches. These expressions appear
to be more decisive along deeply incised margins of the valley
bottom. it is found that these portions of major strands were

basically mapped by Herd (1978, 1982). Major fault strands lie
in general slightly oblique to the axis of the valley so that
while a part of a major fault strand follows the deeply incised
margin the extension of the same strand goes into the slopes on
either side of the valley. Landslides of various sizes are
common on both sides of the valley with a less conspicuous
signature. Consequently, probable genetic relationships between
landslides and active faults are obscured by the former.

Major fault strands are arranged en echelon and step aside
primarily in a right-handed sense and overlap by various amounts.
One exception occurs in a relatively narrow zone northeast of
Anderson Lake, where the sense of stepping is left-handed. Fault
strands with two trends different than that of the fault zone are
recognized in the zone and surroundings. These trends are about
north-south and east-west and appear to be related to interaction
among verious fault strands and the Calaveras and neighboring
faults.
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Investigations

This program supports continuing studies with research focussed on: (1)
seismotectonics of the White Mountains gap; (2) magmatic processes in Long Val-
ley caldera; (3) the UNR experimental digital network; (4) attenuation changes
in earthquake regions connected with volcanism; (5) relocations of Mammoth
Lakes earthquakes; {8) analysis of wideband digital waveforms; and (7) digitiza-
tion of field tapes for a more direct analysis of the 1978 Wheeler Crest earth-
guakes. Progress has been made in each of these areas, and in this report we
summarize those of greatest interest.

Results
The 1986 Chalfant Valley sequence

For the second time in 18 months, a major earthquake sequence has
occurred in the middle of a seismic network deployed in connection with our
work on Mammoth Lakes and the White Mountains seismic gap. As for the Round
Valley earthquake of November 1984, station coverage was complete and dense.
Seismicity is summarized in Figure 1. This sequence was the largest since May
of 1980, with two events above magnitude 6 and two others nearly as large, plus
about 8,000 aftershocks. The sequence continued the pattern that has been
going on since October 1978, in which this region experiences a seismic event
near or above magnitude 8 each 18 months {the 1986 sequence would be the
sixth such episode). Because of our long-standing concern about the White
Mountains region as the possible locus of the next major Basin and Range earth-
quake (Wallace, 1978; Ryall and Ryall, 1983), this sequence caused the U.S.G.S.
to issue a public warning that the probability of a major earthquake should be
considered significantly higher for the moment. In response to the sequence,
both UNR and the U.S.G.S. mounted field experiments to record the aftershocks.
UNR placed three wideband digital event recorders in mine adits east and west
of the aftershock zone, to compliment the placement of 5-day recorders directly
over the aftershock zone by the U.S.G.S. New permanent short-period stations
were placed in the field, with both UNR and the U.S.G.S. now sharing all data
channels.

Figure 1 shows a complex aftershock pattern as have all of the preceding
events except that of 4 October 1978. Again there appears to be no obvious
correlation of the trends of the aftershocks with such features as the 3-km-high,
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west-facing scarp of the White Mountains. Cross sections bring this out more
clearly {Figure 2). Not only that, but again the first-motion data show mechan-
isms with dominantly strike-slip motion on trends not revealed in the surface
geology, i.e., virtually no component of normal faulting (Figure 1). Thus we are
faced with the same problem over and over again: why do earthquakes which
occur along the Sierra Nevada froni, topographically the most spectacular
normal-faulting feature of the Great Basin, show essentially no component of
normal faulting? This question is really quite important to answer from the
viewpoint of earthquake hazard in this region. The two most obvious possibilities
(with rather different implications for the hazard problem) are that (1) strike-
slip (i.e., San Andreas style) faulting now dominates the Sierra Nevada eastern
border region, so that normal faulting events are not expected here (and indeed
the great earthquake of 1872 was dominantly strike-slip), or (2) only the larger
earthquakes produce significant components of normal faulting, so that the rela-
tively moderate strike-slip earthquakes we are now experiencing provide no
information at all about the major earthquake to come in this region.

Work by Vetter (1986) has made a contribution toward unravelling this
major seismotectonic problem. In Figure 3 are presented rose diagrams for the
frequency of occurrence of P- and T-axes in earthquakes occurring between Sep-
tember 1984 and December 1985 west and east of the Round Valley fault, which
are compared with the 1986 earthquakes still further east. The T-axes are the
ones trending generally EW in Figure 3. Note that the dominant trend of the T-
axes is rotated ever more clockwise as we move from west to east: the earth-
quakes characteristic of the mountain block south of Long Valley caldera show
the characteristic "Mammoth" ENE direction of extension; the July 1986 events
show T-axes clustering around EW; the earthquakes between these two groups
show an intermediate trend of T-axes. Furthermore, note that just about all of
the earthquakes considered here are strike-slip mechanisms, with the normal-
faulting events fewer in number and all of relatively small magnitude. These
observations led Vetter (1986) to suggest that the Round Valley fault marks the
boundary of a transitional tectonic region, extending eastward to perhaps the
NW-trending Tertiary strike-slip zone known as the Walker Lane. If this is
correct, then we expect EW, i.e., San Andreas style horizontal tectonics, to be
important, perhaps dominant, in the region between Round Valley and the
Walker Lane (which, as mentioned above, is surprising because of the presence
of recent, spectacular normal fault scarps in this region). This concept more or
less fits the pattern of 1986 seismicity and the sense of motion along the Owens
Valley fault in 1872 {whose northward extension trends into the 1986 aftershock
zone). The implication is that, should a major earthquake occur in the White
Mountains gap, we would expect it to have strike slip motion as its major com-
ponent. Furthermore, analysis of the 1986 seismicity would appear of critical
importance to assessing the nature and timing of future major seismicity
extending northward into the White Mountains seismic gap. - '

Seismic Travel Times Across the Caldera

In our previous semi-annual report, we described observations of a pre-S
phase seen at a single station SLK, northwest of Long Valley caldera, .caused by
earthquakes southeast of the caldera. The number of these observations has
grown to 200, and is described more fully by Peppin and Delaplain {1988). These
observations produce a single-station, multi-event travel-time curve which is
unusual in that the "apparent velocity"” is the same as S but the time intercept is
negative (Peppin, 1986.) -

At present we have found two models which more or less fit the travel times
of these pre-S phases {RMS residual 0.1 to 0.2 second for all the observations).
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One consists of an S to P conversion on a plane with a NE strike dipping about 45
° SE fairly close to SLK (and not associable with the caldera ring fault). The
other consists of an S to P to S conversion in an elliptical zone about 10 km
across within the caldera, and possibly caused by conversion at the boundary of
the magma bodies proposed by Sanders (1984) within the caldera {except that
the conversion points must be quite shallow, less than 5 km in depth). While the
second model appears more fanciful than the first, it is supported by the pat-
tern of epicenters which produce the phase: an elongated zone whose long axis
is aligned with the Sanders magma bodies in the caldera and station SLK (Figure
4). A measurement of the apparent velocity of the phase can discriminate
between (or eliminate) these models. Zucca and Mills (1986) found a similar-
appearing phase for cross-caldera earthquakes recorded in this vicinity and con-
cluded, based on particle motion and apparent velocity, that the phase was a
deep P-reflection; however, this model cannot fit the present observations
because of the distribution of causative earthquakes with distance (Figure 4).
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Mammoth Lakes Round Valley Chalfant Velley

Figure 3. Rose diagrams showing P and T axes for earthquakes in the mountain
block south of Long Valley caldera ("Mammoth Lakes”). for the Round
Valley earthquake of 1984 and its aftershocks ("Round Valley") and
for the 1988 Chalfant Valley sequence (“Chalfant Valley”). The T axes
trend EW and the P axes trend NS. Notice the clockwise rotation
from left to right. corresponding to a trend from west to east.
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Basement Tectonic Framework Studies
Southern Sierra Nevada, California

9910- 01291

Donald C. Ross
Branch of Engineering Seismology and Geology
345 Middlefield Road, MS 77
Menlo Park, CA 94025
(415) 323-8111, ext. 2341

Investigations

1.

2.

3.

Compilation of photolineaments from aerial photographs of the southern
Sierra Navada.

Revision, following technical review, of report on metamorphic framework
rocks of the southern Sierra Nevada.

Compilation of a reconnaissance geologic map of the basement rocks of the
southern Sierra Nevada.

Results

1.

Photolineaments that are well-defined on aerial photographs of the south-
ern Sierra Nevada are generally anomalously straight stream traces con-
trolled by joints in the granitic basement rocks. This becomes more ob-
vious in the higher elevations where exposure is much better. There
families of northwest to northeastern joints (or microfaults) are
developed.

Prominent photolineaments are well-developed in the Kern Plateau area of
Tulare County north and east of Big Meadow. This area has also been the
site of recent (1983 to 1984) seismicity. The location of individual
seismic events indicates a north-trending zone and focal mechanism of
these events indicate northwest to northeast striking, steeply dipping
planes (Jones and Dollar, 1986). No throughgoing fault has yet been map-
ped in this area, but the coincidence of northwest to northeast-trending
lineaments may identify microfaults such as Lockwood and Moore (1979) have
described that may record the traces of surface movement related to these
recent seismic events.

Some 90 map units (mostly granitic) have now been identified in the south-
ern Sierra Nevada ranging from felsic plugs no more than a square kilo-
meter in outcrop area to large plutons of several hundred square kilo-
meters in extent. By far the greater number of the plutonic unit are Cre-
teceous, but significant bodies of Jurassic and Triassic age are found
along the east side of the Sierra Nevada between lat, 35°30' and 36°00
north., Most of the metamorphic framework rocks are Mesozoic (probably
Triassic and Jurassic) but some on the east side of the Sierra Nevada may
be Paleozoic.
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Salton Trough Tectonics and Quaternary Faulting
9910-01292

Robert V. Sharp
Branch of Engineering Seismology and Geology
U.S. Geological Survey
345 Middlefield Road, MS 977
Menlo Park, CA 94025
415-323-8111, ext. 2596

Investigations

1.

2.

Cone penetrometer, augering, and trenching investiagtion of pre-1940 dis-
placement on the Imperial fault at the International Boundary with Mexico.

Continuing search for northwest—-trending strands of the San Jacinto fault
zone in the northwestern Imperial Valley region,

Field search for surface faulting associated with the M; 5.9 North Palm
Springs earthquake of 8 July 1986.

Manuscript preparation of shallow postseismic displacement on the Lost
River fault associated with the Borah Peak, Idaho earthquake of 1983,

Results

1.

The stratigarphic section accessible by trenching is limited downward by
the high water table near the All American Canal, To better define the
configuration of a buried erosional irregularity offset by the western
break of the fault, an array of cone penetrometer profiles were made on
each side of the fault, and calibrated against augering profiles. Two
candidate correlations across the fault trace are permitted by the new
data: one implies a probable single event comparable in displacement to
the 1940 event, about 3-4 meters, and the other implies at least several
events whose cumulative offset exceeds 20 meters.

The age of the earlier event(s) is constrained by a buried erosional sur-
face that 1is overlain by nearly three meters of strata offset only once -
in 1940. New trenches have revealed charcoal-bearing strata close to and
both above and below this erosional surface. Accelerometer dating of this
new material may change previous estimates of the duration of pre-1940 in-
activity on this part of the Imperial fault.

Structural mapping in the San Felipe Hills has been extended into areas
not previously investigated in detail, but so far only normal faults whose
orientations lie in the northeast quadrant have been encountered. Addi-
tional thoroughgoing strands of the right-lateral San Jacinto fault zone
between the Clark fault an the Coyote Creek have not been identified yet.

Surface fractures formed along the trace of the Banning strand of the San
Andreas fault near San Gorgonic Pass in association with the 8 July earth-
quake. The term fractures rather than ruptures or surface faulting is



used to emphasize the incipiency of the right-lateral displacement on the
breaks along this fault trace. Ground fractures caused by spreading,
lurching, gravitational collapse of unsupported free faces and slopes, and
shattering of ridge crests and hill tops during the strong shaking of this
event were widespread phenomena near some parts of the Banning fault, as
well as near the traces of the Garnet Hill fault in Whitewater Canyon and
the Mission Creek strand of the San Andreas in northern Coachella Val-
ley. Fractures considered to be tectonic in origin, however, are spa-
tially associated only with the Banning trace, previously identified geo-
logically and geomorphically in detail by Allen (1957), Proctor (1968),
and Clark (1984), and Matti and others (1985).

Fracturing along the Banning fault was incipient, and the component of the
right-lateral slip attributed to it was infinitesimal. Barring the com-
plication of distributed slip not expressed as fractures in the poorly
consolidated alluvial materials cut by the fault, tectonic displacement
for this event was near the limit of resolution for non-geodetic field
methods for determining tectonic offset. A single man-made feature, a
curb at the edge of State Highway 62, gave some clue to the absence of
significant right-lateral offset on the fault as well as the probable
absence of distributed slip. However, definitive data on the role of dis-
tributed movement may depend on remeasurement of an alinement array moni-
tored by Caltech at Devers Hill near the east end of the trace fracturing.

4, 1In progress.
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Detailed Geologic Studies, Central San Andreas Fault Zone
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John D. Sims
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(415) 323-8111, ext. 2252

Investigations

1.

2.

Field investigations of late Holocene and historic slip rates on the San
Andreas-Paicines—-Calaveras fault system in the San Benito County area.

Investigation of uncertainties in radiocarbon dates derived from detrital
charcoal.

Results

1.

An alluvial deposit of the San Benito River at Melendy Ranch, located
along the northern creeping segment of the San Andreas fault in central
California, records an 800-year-long average rate of slip of ZZtg mm/yr.,
This long~term rate of slip is within the 20 to 23 mm/yr range in slip
rates that are recorded by geodetic instruments at Melendy Ranch, and it
is identical to the rate of slip of 22 mm/yr that is recorded by an offset
corral fence, 0.9 km from our study site, The similarity between the
long-term and historic rates of slip, suggests that movement along the San
Andreas fault at Melendy Ranch has not deviated significantly from 22
mm/yr during the past 800 years. The long-term slip rate of 22 mm/yr for
the San Andreas fault at the Melendy Ranch is significantly less than the
34 mm/yr rate found along the San Andreas fault south of the creeping
segment, and significantly greater than the 12 mm/yr found along the fault
north of the creeping segment, The northwestward decrease in long-term
slip rate of about 20 mm/yr along the San Andreas fault is attributed to
transfer of slip from the San Andreas fault to the Paicines fault, If
about 20 mm/yr slip is found along the Paicines fault, a similar amount
may be found across the Hayward and Calaveras faults, because the Paicines
fault is the southernmost extension of the Hayward-Calaveras fault sys-
tem, The 20 mm/yr rate of slip that may be occurring across the Cala-
veras-Hayward fault system is significantly greater than that suggested by
short-term geodetic data. The discrepancy in long- and short-term slip
rates along the Hayward and Calaveras faults may reflect undetected strain
accumulation along faults in the eastern San Francisco Bay region.

The radiocarbon method is one of the most useful dating techniques avail-
able for slip-rate studies. The inherent uncertainty in radiocarbon dat-
ing, as in any other dating method, must be incorporated into slip-rate
calculations for a reliable rate to result. Four sources of uncertainty
must be accounted for in slip-rate age determination that are based on
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radiocarbon dates, which result from: (1) the analytical assay of the
radiocarbon sample (analytical undertainty), (2) calibration of the con-
ventional radiocarbon age (calibration uncertainty), (3) relating the
radiocarbon age to the age of the strata from which the dated sample was
recovered (depositional uncertainty), and (4) relating the age of the
strata to the age of the displaced feature (relational uncertainty).

Each of the four sources has the potential to introduce large amounts of
uncertainty to the age determination. Analytical uncertainty ranges from
a few decades to a few millenia and is dependent upon the calculated age
of the sample, the nature and quantity of the sample, and the analytical
method used. Analytical error typically is on the order of +100 years for
late Holocene ages, and it increases with sample age until the limit of
the dating method is reached at 40-70 ka. Analytical uncertainty is most
critical for radiocarbon ages younger than about 1000 yr B.P., because the
assay error is large relative to the age. Calibration uncertainty results
from conversion, or the lack of conversion, of a radiocarbon age to a cal-
endric age, which is necessary to account for the variance between the
radiocarbon time scale and the calendric time scale. Calibration data
sets are available for radiocarbon ages younger than about 8000 yr B.P.,
and most calibrated ages contain little uncertainty. However, calibrated
ages younger than about 1000 yr B.P. have a large relative uncertainty
because the analytical uncertainty inherent in the conventional radio-
carbon age is transferred to the calibrated age and often the calibration
is inexact. Radiocarbon ages older than about 8000 yr B.P. cannot be
calibrated, and they should be assigned estimated uncertainty as large as
several thousand years. Depositional uncertainty reflects the uncertainty
in the assumption that the dated sample is coeval with the strata from
which it was recovered. Syndepositional and postdepositional processes
can incorporate carbonaceous material into strata that may have a radio-
carbon age much different fromt that of the deposit. 1In deposits associ-
ated with active faulting, it is often difficult to identify allochthonous
carbonaceous material, and its effect may go undetected if few dates are
available or if no high-quality samples are dated. Relational uncertainty
may be large if the age estimation is based on (1) dated strata that pre-
date and postdate the displaced feature whose ages are much different, or
(2) the dated strata do not stratigraphically bracket the displaced fea-
ture. At present, the only constraint on relational uncertainty is com-
parison of the reconstructed depositional history of a study site to sedi-
mentologic models of deposition in a similar environment. From such a
comparison the time periods of deposition and nondeposition can be esti-
mated, the sum of which places temporal constraints on relating the age of
the dated strata to the displaced feature.

Regorts
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Seismotectonic Framework and Earthquake Source
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Adjacent Intermountain Seismic Belt
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Department of Geology and Geophysics
University of Utah
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(801) 581-6274

Investigations

1. Focal mechanisms for aftershocks of the 1983 Borah Peak, Idaho
earthquake.

2. Contemporary tectonics of the Wasatch front region from earthquake
focal mechanisms.

3. Synthetic seismogram modeling of ground motion in two-dimensional
inhomogeneous media with application to the Wasatch front.

Results

1. We have completed a systematic study of focal mechanisms for
aftershocks of the 1983 M_ 7.3 Borah Peak, Idaho, earthquake that were well
recorded by a dense network of portable seismographs operated for 3 weeks
following the mainshock. Use of a grid search computer algorithm provided
objective nodal plane determinations together with estimates of uncertainty
in the slip vectors and compression and tension axes. Mechanisms of 47
aftershocks (2.3<M <5.8) show predominantly normal faulting with varying
amounts of strike-Slip motion (Figure l). Since hypocenters along the
central and SE portions of the fault define a SW-dipping zone that appears
to outline the main fault break, one might expect the focal mechanisms here
to show slip along either the main fault or related antithetic faults.
However, there is considerable diversity among the focal mechanisms, and
less than half of them are compatible with this simple interpretation.
Most of the aftershocks appear instead to represent complex fracturing on
subsidiary structures adjacent to the main fault.

Orientations of tension axes are much more consistent from event to
event than orientations of compression axes or slip vectors. The tension
axes indicate an overall extension direction that is not perpendicular to
the main fault but instead trends NNE-SSW, perpendicular to the strike of

*H.M. Benz, I. Bjarnason, and L.L. Leu also contributed signifi-
cantly to this project during the report period.



the western splay observed in the surface faulting (Figure 1). Attempts to
unravel the kinematics of aftershock slip suggest the important influence
of (1) the bifurcation of the fault plane at its NW end, (2) possible edge
effects of faulting at the SE end where the rupture began, and (3)
variability of stress conditions with depth along the main central segment
of the fault.

2. We have undertaken a comprehensive study of focal mechanisms of
digitally recorded, small earthquakes (2.5§ML§4.4) that occurred in the
Wasatch front region in Utah during 1981-86. Single event solutions for 24
events were determined using recently revised crustal models and a
computerized grid search technique.

Overall, the mechanisms show predominantly normal faulting on N-S
striking nodal planes with moderate dip. Thus, on the average, the
mechanisms indicate E-W crustal extension and vertical crustal shortening.
T-axis orientations suggest a possible rotation of the extension direction
from E-W in the northern part of the study area to ESE-WNW in the southern
part. Oblique slip, when observed, is characterized by left-lateral motion
on planes striking N to NE or right-lateral motion on planes striking N to
NW. Most of the mechanisms with significant amounts of oblique-slip motion
occur in the southern part of the study area, where P-axis orientations
range from near vertical to near horizontal. Thus, the mechanisms suggest a
change in stress regime from north to south along the Wasatch front.
Despite geologic evidence for low-angle faults in the study area,
shallowly-dipping nodal planes are relatively uncommon.

3. A robust finite element modeling technique is being used to compute
synthetic seismograms for realistic, two-dimensional models of large,
fault-bounded, alluvial basins such as the Salt Lake and Cache valleys in
Utah. The primary goal is to quantify the effects of the valley f£ill on
strong ground motion produced by slip on the normal faults which bound
these valleys. Present modeling results show that for surface-breaking,
normal-fault earthquakes, a large-amplitude Rayleigh wave is produced
within the valley sediments. In addition, the sediment-filled basin causes
resonance of large S-wave phases. This contrasts with modeling results for
homogeneous velocity structures, which show relatively simple S-wave phases
generated by the faulting. Interestingly, dip-slip normal-fault
earthquakes that do not break the free surface also produce a large
Rayleigh wave. This is a consequence of the sharp velocity boundary
between the sedimentary basin and the mountain front, which acts as a
significant scatterer of Rayleigh wave energy. This study indicates that
valley sediments have a major amplifying effect on ground motion in
comparison to uniform velocity models routinely used to investigate strong
ground motion,
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Figure 1. Summary map of focal mechanisms for aftershocks of the 1983
Borah Peak, Idaho, earthquake. These are lower hemisphere projec-
tions with compressional quadrants shaded. The larger focal spheres
represent events of magnitude 3.5 and greater. Dots mark the epi-
centers of the earthquakes, and epicenters of events shallower than 9
km are circled. The southernmost mechanism is the short-period focal
mechanism of Doser and Smith (1985) for the mainshock. Although most
of the focal mechanisms show oblique normal faulting, the faulting
during the aftershock sequence appears to be quite complex.
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PREDICTION OF GROUND MOTION FROM THE GOODNOW, NEW YORK
EARTHQUAKE OF 7 OCTOBER, 1983

Contract No. 14-08-0001-22047

George H. Sutton, Jerry A. Carter, and Noel Barstow

Rondout Associates, Incorporated, P.O. Box 224, Stone Ridge, NY 12484

(914) 687-9150

The purpose of this research is to generate seismograms similar to those of the main
Goodnow earthquake using a small aftershock as an empirical Green’s function and a
realistic velocity structure for extrapolation to different distances and focal depths. Prel-
iminary results from this research were reported in the previous semi-annual summary.
The fact that the nearest digital station, RSNY, is near a nodal plane for the main shock
and the aftershocks has complicated and reduced the reliability of the results of subse-
quent research, which will be reported in our final report. The Ardsley, N.Y. earthquake
of October 19, 1985, however, is a much better candidate for the contemplated research
and results of studies of this earthquake are summarized in this report.

Investigations

1. Deconvolve the Ardsley, N. Y. main shock with its largest aftershock, as recorded at
SRNY, A = 100 km.

2. Generate full-waveform synthetic seismograms (frequency range 0-5 Hz) for a simple
source and compare with the data at station SRNY.

Analyses and Results

The method of using small aftershocks as empirical Green’s functions to deconvolve
larger events is based on the assumption that the smaller event is a simple source com-
pared to the larger event and that the two events have the same hypocenter and focal
mechanism (Mueller, 1985). The closer the small event source function is to an impulse,
the closer the event approximates the true Green’s function. By assuming that the aft-
ershock is a point source Green’s function, the effect of propagation path, recording site
response, and instrument response are eliminated as sources of major error. In many
ways this approximation is better than can be made with synthetic seismogram Green’s
functions for which the effects of the propagation path are estimated.

The Ardsley earthquake (M = 4.0) occurred in southern New York state at
40.98 ° N, 73.83° W at a depth of 5 km. It was felt in many areas of New York, New Jer-
sey, and Connecticut, as well as Pennsylvania, Massachusetts, and Rhode Island. The
largest aftershock (M = 3.0) occurred two days later, also at a depth of 5 km. Both the
main shock and the aftershock were recorded by station SRNY, 100 km away at
41.85°N, 74.15° W. SRNY is a three-component broadband digital station with a sam-
ple rate of 60 samples/second.

The uncorrected corner frequencies of the main shock and aftershock are 7 and 12.5
Hz respectively. As the assumption that the aftershock is an impulse is invalid above its’
corner frequency, the data were band pass filtered between 0.5 and 12 Hz with a phase-
free filter. The horizontal components were then rotated to the theoretical radial and
transverse directions for station SRNY before deconvolving (Figure 1).
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There are three distinct peaks in the deconvolution result (Figure 2) separated by
times of .57 and .15 seconds. The later two spikes of the deconvolution result are larger
than the first as might be expected when the data in Figure 1 are examined. The first
peak corresponds to the alignment of the first arrivals from both events and the third
peak corresponds to the visual alignment of the traces. The second peak cannot be easily
seen by aligning the traces visually.

A suite of synthetic seismograms has been generated for the Ardsley event at the
distance and azimuth of station SRNY for comparison to the recorded data. Records
were synthesized at source depths of 0, 2, 6, 8 and 10 km up to a frequency of 5 Hz (Fig-
ure 3). The New England velocity (Taylor et al., 1980) and Q structure (Mitchell, 1981)
were used for the computation. Because the main shock appears to be the superposition
of three asperity ruptures, separated in time, it is not appropriate to compare the main
shock directly to the suite of synthetics which were generated assuming a simple Green’s
function. We therefore compare the aftershock data to the synthetics. To match the 5
Hz high frequency limit of the synthetics and eliminate microseismic noise, the data were
band pass filtered between .5 and 5 Hz prior to the comparison.

The match of the arrival times of the synthetics to the first three arrivals of the data is
quite good at a depth of 4.5 km although the relative amplitudes are not well matched.
Differences between the true focal mechanism and the one used to compute the synthet-
ics could account for the difference in amplitudes. The excellent quality of the deconvo-
lution is evidence that the main shock asperities and aftershock occurred at nearly the
same depth.

As shown above, the additional complexity introduced into the wavetrain by the
asperity ruptures makes identification of the depth phases extremely difficult unless the
data are deconvolved. In many cases of interest, there will be no aftershock recorded
with which the main shock can be deconvolved and the depth phases may easily be
misidentified.

The question of resolution is closely tied to the complexity of the event. For any
event, if we look at frequencies low enough, the source will appear "point-like" or very
simple. Unfortunately, this conflicts directly with the need to use higher frequencies for
improved depth resolution.

At this point, we do not know how widespread the problems of source complexity
are at low magnitudes or even to what lower magnitude limit the complexities extend.
We strongly recommend that, if depth phases are to be used to determine depth, then
further research into the complexities of small events should be undertaken.
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Great Earthquakes and Great Asperities, Southern California:
A Program of Data Anaysis

USGS 14-08-0001-G-1096

Lynn R. Sykes and Leonardo Seeber
Lamont-Doherty Geological Observatory of Columbia University
Palisades, New York 10964
(914-359-2900)

Investigations

During the period of this grant the principal investigators and their colleagues have
carried out a number of major studies of earthquakes and tectonics of southern California. This
work has resulted in three papers being published, one in press that will soon be published,
one in preprint form that is nearly ready for journal submission and the final study "Fault
mechanisms associated with the southern San Andreas fault: seismicity of the eastern
Transverse Ranges" by Williams, Sykes, Nicholson and Seeber which should be completed by
the end of 1986.

Results

The paper "Great earthquakes and great asperities, San Andreas fault, southern
California" by Sykes and Seeber was published in Geology in December 1985. They find that
the big bend region of the southern San Andreas fault consists of two great asperities that
rupture infrequently in great earthquakes. The eastern knot near San Gorgonio Pass, which
has not ruptured historically in a great event, is the main locus of plate motion, appears to break
in great events every few hundred years and is more advanced in the cycle of strain
accumulation than the western knot. The large size of these apserities results in the properties
of these earthquakes being nearly invariant over many cycles of great shocks. An unusual
sequence of moderate-size shocks within the eastern knot from 1940 to 1948 is an example of
the type of precursory phenomena that might precede a great earthquake.

The paper "Seismicity and fault kinematics through the eastern Transverse Ranges,
California: block rotation, strike-slip faulting and shallow-angle thrusts" by Nicholson, Seeber,
Williams and Sykes, was published in the Journal of Geophysical Research in April 1986.
This paper uses data from the southern California seismic network to study focal mechanisms
and detailed distribution of earthquakes in the major tectonic knot in southern California near
San Gorgonio Pass. Surprisingly, little seismic activity can be directly associated with major
throughgoing faults. Seismicity is generally absent in the upper 5 km. This pattern of
behavior appears to be typical of the inter-seismic period between great earthquakes. Great
earthquakes in this area, which appear to have a repeat time of 300 to 500 years, are thought to
mainly rupture the throughgoing faults. The predominant style of faulting above 10 to 12 km
is oblique slip with a large reverse (thrust) component. The spatial distribution of relocated
hypocenters and first-motion data suggest the presence of left-slip faults striking northeast.
The pattern of faults in conjunction with an unusual set of normal and reverse focal
mechanisms is interpreted as the clockwise rotation of the small set of crustal blocks subjected
to regional right-lateral shear. At depths of greater than about 10 km seismicity defines a
wedge-shaped volume undergoing pervasive internal deformation and a combination of
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strike-slip and low-angle thrust faults. A low-velocity seismic zone beneath the San Bernadino
Mountains and the transition between block rotation and the deeper style of deformation may
correspond to a major detachment under much of the region and would imply that the
overthrust San Bernadino Mountains are allochthonous. The present pattern of seismic
deformation may change systematically as a region prepares to accommodate large right-lateral
displacements in an eventual future great earthquake.

The paper "Seismic evidence for conjugate slip and block rotation within the San
Andreas fault system, southern California" by Nicholson, Seeber, Williams and Sykes was
published in Tectonics in August 1986. This paper expands a number of the ideas developed
in the previous paper for the region near San Gorgonio Pass to other areas of southern
California. Again, the pattern of seismicity for small to moderate size earthquakes of the past
ten years indicates that much of that activity is presently occurring on secondary structures,
several of which are oriented nearly orthogonal to the strikes of major throughgoing faults.
Slip along these secondary transverse features is predominantly left-lateral and is consistent
with the reactivation of conjugate faults by the current regional stress field. A number of small
to moderate size crustal blocks are defined which are undergoing contemporary rotation in
response to the regional stress field. A rotational block model accounts for a number of
structural styles characteristic of strike-slip deformation in California including; variable slip
rates and alternating transtensional and transpressional features observed along strike of major
wrench faults; domains of evenly-spaced anthithetic faults that terminate against major fault
boundaries; continued development of bends and faults with large lateral displacements;
anomalous focal mechanisms; and differential uplift in areas otherwise expected to experience
extension and subsidence. Low-angle structures like detachments may be involved in the
contemporary tectonics of southern California. Changes in the translation of small crustal
blocks and their relative rotation rates could represent important premonitory changes prior to
large to great earthquakes along major throughgoing faults.

The paper "Block rotation along the San Andreas fault system in California: long-term
structural signature and short-term effects in the earthquake cycle” by Seeber and Nicholson,
which is in preprint form, describes the rotation of small crustal blocks located between closely
spaced subparallel strike-slip faults. Block rotation can allow one of these strands to grow at
the expense of the other. Not only structural and paleomagnetic data, but also recent small
earthquakes provide evidence for block rotation of this type. Associated seismicity often
occurs on left-lateral secondary faults that strike northeast and are symptomatic of block
rotation. Examples of this phenomena are illustrated for Coyote ridge, which is located
between branches of the San Jacinto fault zone of southern California and the complex rupture
involved in the Coyote Lake earthquake of 1979 along the Calaveras fault of northern
California.

Bogen and Seeber (preprint) in their paper "Late Quaternary block rotation within the
San Jacinto fault zone, southern California" report abundant structural and seismological
evidence for block rotation during the past 0.94 million years or less in the region between two
major branches of the San Jacinto fault zone between Anza and Borrego in southern California.

Williams, Sykes, Nicholson and Seeber (in preparation) examined fault mechanisms and
seismicity in the vicinity of the southernmost San Andreas fault and the eastern Transverse
Ranges of southern California. Data from the southern California seismic network for the
period 1977 to 1985 were used to study precise locations of small earthquakes, focal
mechanisms and the state of stress. The southernmost San Andreas fault in the Coachella
Valley is essentially quiescent at the microearthquake level. Relocation of earthquakes using
only stations northeast of the San Andreas fault, proximal to the activity but outside the Salton
trough does not seriously effect epicentral locations, suggesting the observed offset of
epicenters from the San Andreas fault is not an artifact of the velocity models used. Many of
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the earthquakes in the broad region to the northeast of the San Andreas fault occur along
steeply dipping, left-lateral faults striking northeasterly. Focal mechanisms involve strike-slip,
normal fault or a combination of the two mechanisms. In contrast, reverse and strike-slip
faulting characterize San Gorgonio Pass and the region to the west within the big bend region
of southern California. These observations imply that relatively high normal stresses of
tectonic origin are present across the San Andreas fault in San Gorgonio Pass, while lower
normal stresses are found across the southernmost San Andreas fault from Palm Springs to the
Salton Sea. One stress regime appears to be associated with long repeat times for great
earthquakes within the two major tectonic knots in southern California whereas shorter repeat
times are indicated for the other stress regimes near the southernmost San Andreas fault.

Continuing Studies

Continuing work on earthquakes and tectonics of southern California includes the
following studies: examination of regional time-space patterns of seismicity for the period 1932
to 1986 (Secber, Armbruster, Williams and Sykes); analysis of teleseismic source mechanisms
of July 1986 earthquakes (M >5) (Pacheco and Nabelek); documentation of triggered slip on

the southern San Andreas after the July 8, 1986 North Palm Springs earthquake (Williams,
Fagerson and Sieh).
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Investigations

1. Tectonics of the central Nevada and eastern California seismic belts.
2. Tectonics of the San Andreas fault system.

3. International Geological Correlation Program (IGCP)--Project 206-~Active
Faults of the World.

Results

1. Organized a group of authors to prepare a professional paper on the San
Andreas fault. Chapters are being written; some first drafts are
completed.

2. As member of panel on Seismic Hazard Assessment for NRC/NAS, participated
in several writing sessions and have in progress a chapter on "how
probabilistic seismic hazard assessment techniques capture earth-science
information."

3. Have in progress a joint paper comparing the San Andreas, Tan Lu, Alpine,
and North Anatolia faults and the Median Tectonic Line under IGCP project
206.

Reports

1. Zhang, Buchun, Liao, Yuhua, Guo, Shunmin, Wallace, Robert E., Bucknam,
Robert C., and Hanks, Thomas C., 1986, Fault Scarps related to the
1739 earthquake, and seismicity of the Yinchuan Graben, Ningxia, Huizu
Zizhiqu, China: Seismological Society of America Bulletin, v. 76,
no. 5, p. 1253-1287.

2. Wallace, Robert E., 1986, Geologists and Ideas: A History of North

American Geology, Centennial Special Volume 1, a review: Science,
v. 232, no. 4755, p. 1278-1279.

3. Wallace, Robert E., and Morris, Hal T., 1986, Characteristics of Faults
and Shear Zones in Deep Mines: PAGEOPH, v. 124, no. s P
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Investigations

1. Continued analysis of the seismicity and volcanism patterns of the Pacific Northwest
in an effort to develop an improved tectonic model that will be useful in updating earth-
quake hazards in the region. (Weaver, Baker, Yelin,)

2. Continued acquisition of seismicity data along the Washington coast, directly above
the interface between the North American plate and the subducting Juan de Fuca plate.
(Weaver, UW contract)

3. Continued seismic monitoring of the Mount St. Helens area, mncluding Spirit Lake
(where the stability of the debris dam formed on May 18, 1980 is an issue) and Elk Lake,
and the southern Washington-northern Oregon Cascade Range. The data from this mon-
itoring is being used in the development of seismotectonic models for southwestern
Washington. (Weaver, Grant, Shemeta, UW contract)

4. Study of Washington seismicity, 1960-1969. Efforts are underway to determine mag-
nitudes based on a revised, empirical Wood-Anderson-coda duration relation. Earth-
quakes with magnitudes greater than 4.5 are being re-read from original records and will
be re-located using master event techniques. Focal mechanism studies are being
attempted for all events above magnitude 5.0. (Yelin, Weaver)

5. Detailed analysis of the seismicity sequence accompanying the May 18, 1980 eruption
of Mount St. Helens. Earthquakes are being located in the ten hours immediately fol-
lowing the onset of the eruption, and the seismic sequence is being compared with the
detailed geologic observations made on May 18. (Weaver, Shemeta, UW contract)

6. Review of crust and upper mantle structure of California, Oregon, and Washington
for a chapter in a the GSA Memoir ”Geophysical Framework of the Continental United
States”. (w/Walter Mooney, Weaver)

7. Analysis of a swarm of over 500 sub-edificial (depths 3 - 14 km) earthquakes that
occurred at Mt. St. Helens prior to the 1980 eruption. The better-located events in this
sequence define a structure presently interpreted as a zone of failure around a feeder con-
duit. Studies are aimed at better resolution of the structure and understanding of the
process of earthquake generation around it in terms of temporal variations in the radial
pressure field. (Zollweg, UW contract)

8. Analysis of the sequence of high frequency earthquakes that followed the eruption of

Nevado del Ruiz in Colombia, South America. (Zollweg, with D= Harlow and Colombian
and Costa Rican investigators)
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9. Detailed study of a swarm of tectonic earthquakes near Darrington in the Washing-
ton North Cascades. Cross-correlation and cross-spectrum techniques are being used to
resolve the spatial relationships of the swarm events. (Zollweg, UW contract)

10. Comparison of spatial features of aftershock seismic moment release with surface
faulting for the 1983 Borah Peak, Idaho earthquake. (Zollweg)

Results

1. A catalog of earthquakes in Washington and northern Oregon, spanning the decade
1960-1969, has been compiled. It is based upon earthquakes recorded by the seismo-
graph station at Longmire, Washington (LON, on the south flank of Mount Rainier).
The catalog is complete to duration magnitude (M(D)) 3.9, with the magnitude based on
signal duration at LON. Based on the number of events with M(D) > 5, the early
1960’s are of particular interest in the recent history of seismicity in the region. The
numbers of earthquakes with M(D) > 5.0, M(D) > 4.5, and M(D) > 3.9 are, respec-
tively: 9, 12, 37 (1960-1964); 2, 7, 21 (1965-1969); 0, 1, 10 (1970-1974); O, 3, 11 (1975-
1979); 2, 4, 14 (1980-1984), and after 1 3/4 years 0, 0, 2 (1985-September 30, 1986).

2. The Spirit Lake area is situated near the center of the St. Helens seismic zone, and
nearly all earthquakes in the area occur on this zone. Based on the distribution of earth-
quakes on the St. Helens zone, four likely fault lengths (5, 12, 19, and 30 km) and two
fault widths (ie., the depth of the fault plane) of 7 and 12 km were chosen for a regres-
sion analysis of fault length against expected magnitude and fault area against expected
magnitude. The result of this analysis indicates that the area could be subject to earth-
quakes from magnitude 5.5 to about 7.0. The Spirit Lake area is the first in Washington
to have an estimate of an expected earthquake that has been derived for a given struc-
ture; elsewhere in the state design earthquakes are based on the historical record and
such events are allowed to ”float” throughout an area of study.

3. An interagency agreement has been signed and implemented between the U.S. Geo-
logical Survey and the Bonneville Power Administration to allow the transmission of
seismic data over existing BPA microwave facilities. Six commercial phone lines were
replaced by BPA microwave links during the last six months of FY86.

4. A small-diameter (" 1 km), near-vertical seismogenic region beneath Mt. St. Helens
was defined by sub-edificial earthquakes occurring before the 1980 eruption. The struc-
ture as presently known extends from 4 to 13 km in depth. It is interpreted as a zone of
brittle failure which occurred in response to magmatic pressure variations in a narrow
feeder conduit. Resolution of this structure is the first indication that has been found in
the seismographic data that deep magma transport at Mt. St. Helens may be confined to
small, well-defined structures.

5. High frequency earthquakes at Nevado del Ruiz, Colombia, were about as frequent as
low-frequency earthquakes in the first six months following the catastrophic plinian
eruption of 13 November, 1985. While eruptive activity was minimal during this time
period, high frequency earthquakes did not show any clear-relationship to surface
activity. Instead, they have been interpreted as being in part due to intrusion of magma
in dike-like sheets along faults. The spatial extent of the high frequency earthquakes
implies that a significant volume of new magma may have intruded the volcanic edifice
following the 13 November 1985 eruption.

6. A swarm of earthquakes having magnitudes as high as 3.6 occurred near Darrington
in the Washington North Cascades in early 1986. This was the second-most intense
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swarm to occur in northwest Washington since 1970. Cross-correlation and cross-
spectral analysis of digital data from the UW net indicates that the source region was a
400 by 700 meter area at a depth of about 9 km. The earthqyakes tended to occur in
tight clusters within this area, probably at asperities along a fault. Reanalysis of
regional seismicity with station corrections developed in the investigation of this
sequence shows evidence for an east-west striking fault structure dipping to the south.
The Darrington sequence would fall on this structure and the computed focal mechan-
isms agree well in both strike and dip.

7. Aftershock seismic moment release concentrations seem to correlate spatially with
minima in the surface faulting throws for the Borah Peak, Idaho earthquake of 1983.
This suggests that barriers extending down-dip along the fault plane were important
features of the rupture process.
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(415) 553-2000

INVESTIGATIONS

The faults within the boundary zone between the Coast Ranges tectonic province
and the Sierran crustal block of California have probably been the source of several
earthquakes greater then M, 6 during historical times. However, this zone has generally
not been recognized as a source of significant earthquakes and has received very little
scientific attention because of (1) the lower level of seismiecity and hence less apparent
seismic hazard compared to the adjacent San Andreas fault system, and (2) the lack of
association, until recently, with any significant earthquakes. The somewhat surprising
occurrence of the damaging 2 May 1983 Coalinga earthquake has now focused greater
attention on seismicity along the western margin of the Great Valley and the resulting
seismic hazard. In this study, we have analyzed and interpreted all available
seismographic data for selected events from 1969 to the present. The objectives were to
characterize the contemporary seismicity, both spatially and temporally, and to define
the style and orientation of faulting and tectonic stresses along the boundary from the
town of Red Bluff southeast to San Luis Dam (Figure 1).

RESULTS

A total of 213 earthquakes in the study area of approximate M 1.5 and greater
have been relocated using a two-velocity-model approach and station corrections
determined from a set of 26 calibration earthquakes (Figure 1). Fault plane solutions for
24 of the largest events have been determined. The results are summarized in Figures 2
through 4. Preliminary observations are:

(1) Some of the seismicity appears to be associated with several known faults
within the boundary zone, based upon locations and fault plane solutions.
These include the Willows, Vaca, and Tesla-Ortigilita faults and a few
unnamed faults.

(2) Reverse faulting on steeply dipping faults and strike-slip faulting on the
NNW- to north-trending faults appear to be the dominant modes of seismie
deformation along the boundary zone; this style is similar to that observed in
the recent seismiecity within the boundary zone along the southern Coast
Ranges. This activity consisted of the 1975 Cantua Creek (M; 4.9), 1976
Avenal (Mp, 4.7), 1982 New Idria (M, 5.4), 1983 Coalinga (M|, 6}7) and 1985
North Kettleman Hills (M;, 5.5) earthquakes.
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(3) The stress field along the boundary zone appears to be characterized by
northeast- to east-trending tectonic compression perpendicular to the
boundary, in contrast to the generally north-south oriented compression and
east-west extension and shear deformation observed along the San Andreas
fault system to the west. The unusually frequent occurrence of reverse
faulting and the change in the nature of the tectonic stress field probably
reflect the influence of the boundary between the Coast Ranges and Sierran
block and the kinematic interaction between the two crustal blocks. The
recognition of the Coast Ranges - Sierran block boundary zone as a
fundamental tectonic boundary along which seismic deformation can occur
(albeit at a much lower level than along the plate boundary to the west) is
consistent with the recent observations by Walter Mooney, Carl Wentworth,
and others of the USGS, on the differing crustal structure and crustal history
of the region.

PUBLICATIONS
Wong, I. G., 1984, "Re-evaluation of the 1892 Winters, California Earthquakes Based

Upon a Comparison with the 1983 Coalinga Earthquake,"” EOS Transactions, American
Geophysical Union, Vol. 65, pp. 996-997.

Wong, I. G. and R. W. Ely, 1983. "Historical Seismicity and Tectonies of the Coast
Ranges - Sierran Block Boundary: Implications to the 1983 Coalinga, California
Earthquakes," The 1983 Coalinga Earthquakes, California Division of Mines and Geology
Special Publication 66, pp. 89-104.

Wong, I. G., A. Kollmann, and R. W. Ely, 1986. Contemporary Seismicity Along the
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Geologic Studies for Seismic Zonation of the Puget Lowland
9540-04004
Brian F. Atwater
Branch of Western Regional Geology

U. S. Geological Survey at Department of Geological Sciences

University of Washington AJ-20

Seattle, Washington 98195
(206) 543-0804 FTS 399-2927

INVESTIGATIONS

{1) Palecseismic implications of buried tidal-marsh surfaces at Neah BRay,
the Copalis River estuary, Grays Harbor, Willapa Bay, and the Columbia
River estuary [Brian F. Atwater and Wendy C. Grant]

(2) Surficial geology of the Redmond 7.5-minute quadrangle [James P.
Minard]

RESULTS

{1) Though lacking emergent terraces indicative of coseismic uplift,
Washington’s Pacific coast has many submerged terraces——tidal-marsh
surfaces buried by tideflat deposits. Each tidal-marsh burial records
rapid coastal submergence of about 0.3-1.0 m, the range for coseismic
subsidence in coastal Shikoku (southwestern Japan) during Nankai—trough
earthquakes of moment-magnitude >8.0. Sheets of sand probably deposited by
tsunami immediatelv overlie some of the tidal-marsh surfaces at Willapa Bay
(southwestern Washington). The sequence of buried tidal-marsh surfaces at
Willapa Bay suggests that at least six great subduction earthquakes have
struck the Pacific Northwest during the past 5000-7000 years.

{2) The Redmond quadrangle, an area of rapid residential and commercial
development east of Seattle, is covered chiefly with glacial deposits
formed about 15,000 years ago. The surficial distribution of these

and other deposits has been determined at 1:24,000 scale, and the resulting
geologic map has passed peer review. The map fills a void in the large-
scale geologic mapping of the Puget Sound lowland. Such mapping will be
needed for accurate delineation of ground-shaking hazards.

REPORTS

Atwater, B. F., and Grant, W. C., 1986, Holocene subduction earthquakes
in coastal Washington [abs.]: EOS {(in press).



Surface Faulting Studies
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M. G. Bonilla
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(415) 323-8111, Ext. 2245

Investigations

1. Appearance of active faults in exploratory trenches,
2. Preparation of reports.

Results

1. 1In collaboration with J.J. Lienkaemper, the number of trench exposures was
increased by 37Z in order to improve the statistical base of the study.
All new data has been checked for accuracy at both the hand entry and com-
puter entry stages. Older data has been revised as needed to conform to
improved procedures. Preliminary results are that normal-slip faults have
distinctly fewer occurrences of strands that die out upward or that have
obscure segments on them than reverse- and strike-slip faults. Analysis
of other aspects of the improved data base is not yet complete.

2. A draft report was prepared, for a Geological Society of America Centen-
nial volume, on the increase in knowledge about the process of faulting
and seismic activity that has resulted from the investigation of engi-
neering projects and on the impact of the process on such projects.
Investigations related to the projects have provided new information on
the location, nature, and degree of activity of faults in many areas.
Topical research stimulated by the projects has yielded a better under-
standing of the near—surface aspects of faulting and on the investigation
of active faults. Background research for the report shows that, in ad-
dition to the many structures that have been directly damaged by the pro-
cess, many engineering projects have been greatly modified or even aban-
doned because of anticipated future faulting and earthquakes; these pro-
jects include pipelines, dams, and several nuclear reactors. Clearly, the
appraisals of the risks from faulting and earthquakes must be accurate in
order to avoid costly overconservatism or underconservatism.

In collaboration with various coauthors, open-file reports on faulting
associated with the 1983 Guinea and 1983 Idaho earthquakes were revised
for more formal publication.,

ReEorts:

Bonilla, M.G., 1986, Minimum earthquake magnitude associated with coseismic
surface faulting [abs.]: Geological Society of America Abstracts with
Programs, vol. 18, no. 6, p. 546.
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SOIL DEVELOPMENT AND DISPLACEMENT
ALONG THE HAYWARD FAULT

14-08-0001-21929

Glenn Borchardt
California Department of Conservation
Division of Mines and Geology
380 Civie Drive
Pleasant Hill, CA 94523-1997

(415) 671-4926

Investigations

Its high rate of activity (>5 mm/yr) and urban location make the Hayward fault
potentially the most destructive in the San Francisco Bay Area (Steinbrugge and
others, 1986a, 1986b). The fault may be due for a major earthquake--the Fremont
segment ruptured 118 years ago, while the Berkeley segment may have ruptured 150
years ago. The objective of this work is to use soils and sediments to determine
the long-term slip rate, the recurrence interval, and the amount of displacement to

be expected for major earthquakes on the Hayward fauit.

The trench exploration phase of the investigation was begun on the Fremont
segment in cooperation with Jim Lienkaemper and Dave Schwartz of the U.S. Geological
Survey. The City of Fremont gave permission and kindly supplied occasional needed
advice and materials. Student assistants Kim Seelig and Taryn Lindquist helped in
preparing the trench logs. We excavated a series of trenches parallel to the fault
at Fremont City Hall in an area in which previous work had shown a gravel unit
offset against fine sandy overbank deposits (Cotton, Hays, and Hall, 1983; 1986;
Levish, 1986). The site, on the Niles alluvial cone, occurs in an area in which the
fault is confined to a single strand about 2 to 5 m wide.

Results

1. PFremont Study Site

Channel Offset

The offset gravel unit depicted in trench logs of previous workers is part of a
fluvial system containing a buried channel fill that appears to have been right-
laterally offset at least 28 m. Charcoal fragments from above the channel fill on
the northeastern side of the fault and from below the channel fill on the south-
western side are being dated by using AMS (accelerator mass spectrometry).
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Two parallel trenches (43 and 57 m long) were excavated 14-m apart on either
side of the fault. Two additional short trenches were excavated further to the
northeast and to the southwest to determine the orientation of the channel fill with
respect to the fault. Projections from all four trenches indicate that the channel
fill appears to intersect the fault plane at an angle between 36 and 66 degrees.
The contact between the channel fill and adjacent pebbly sand deposits is
gradational and highly variable in each exposure. Present data restricts the offset
to a minimum of 28 m, but the determination of the true offset awaits further work,
scheduled for spring of 1987. We will then include excavations to delineate the
configuration of the channel, to locate its piercing point on the fault plane, and
thus to determine the precise amount of offset.

Warp

The present topography contains a warp or sag on the northeast side of the
fault. The channel fill is overlain by a thin gravel stringer that is easily
identified, extends throughout both trenches, and provides a once-level marker bed
that can be used to estimate tectonic deformation. The bed occurs at depths between
1.5 and 4 m and is overlain by fine sandy to silty clay overbank deposits. On the
northeast side of the fault, the surface of the gravel desecends to the northwest 320
em in 35 m, but on the southeast side it descends only 80 cm in 35 m. Tectonic
subsidence in the warped area was thus at least 240 em since fluvial deposition.

Soils

The soils, which are formed in the overbank deposit, demonstrate minimal
development and appear to be late Holocene in age. In general, they are Mollisols
lacking evidence for clay illuviation or structural B horizon development. Perhaps
because of their location near what was once Stiver's Lagoon, they contain pedogenic
carbonate in an incipient Bk horizon at the 70-ecm depth. Four soil profiles were
sampled and described and will be analyzed in detail

On the northeastern side of the fault the three profiles across the warped zone
are part of a catena (topographically controlled drainage sequence) along the flanks
of the warp. They have horizons designated: Ap/A/AB/Bk/Bj (horizon designation pro-
posed here for Mn-oxide/Fe-oxide accumulation) /C/2C/3ACb1/3Cbl. A single well-
drained soil exists in the trench exposures on the southwest side of the fault.
This soil has horizons designated: Ap/A/(A/C)/C/2C/3ACb1/3Cbl. The buried paleosol
consists of locally variable zones consisting of the bioturbated former surface of
the fluvial deposit.

MRT dates are being obtained for representative samples of the organic carbon
and of the pedogenic carbonate in the most poorly drained soil. The soils at the
site, although quite variable in character, are at present estimated to be about
2,500 years old (range: 1,500 to 3,500 B.P.). This is based on comparisons with a
soil dated at 1,000 B.P. about 1.4 km to the north (Shlemon, 1984) as well as a
2,400 B.P. organic horizon in Tyson's Lagoon, a sag pond near the Fremont BART
station to the north (Woodward-Clyde and Associates, 1970).

132



I-3

Preliminary Slip Rate

Assuming that the channel deposits are indeed offset at least 28 m, and
assuming that the 2,500 B.P. estimate for the soil is only slightly less than that
of the channel, the preliminary slip rate is about 11 mm/yr for this segment of the
fault. Given the present uncertainty in the age and amount of offset, however, the
slip rate could range between 8 and 37 mm/yr. Subsidence in the warp or sag is
about 1 mm/yr (range: 0.7 to 1.6 mm/yr). Precise values for the slip rate and the
subsidence rate await the arrival of the carbon dates and the completion of more
detailed excavations.

2. Point Pinole Study Site

Landslide at the Distal Portion of the Fault

Wood taken from the slide plane of a landslide at the projected northwest end
of the fault gave a C-14 date of >40,000 years. A much younger date was expected in
view of the minimal soil cover and the fact that the landslide obscuring the distal
portion of the fault is mapped as not having been displaced by the fault (Herd,
1978). This locality is being studied in greater detail and a log of the bay cliff

exposure is being prepared.
Bay Mud Site

A sedimentary peat deposit encountered beneath 36-cm of bay mud in the tidal
marsh adjacent to the fault gave a C-14 date of 1360+80 B.P. This unit or its
correlative may be offset by the fault within two embayments in the southwest facing
linear scarp mapped as the solitary trace at Point Pinole. The date also gives an
estimate of 0.26 mm/yr for sea level rise/tectonic subsidence during the last
millennium. The trench exploration phase of the project will attempt to explore the
amount of displacement of this unit.
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Northern San Andreas Fault System
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Robert D. Brown
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Investigations

1.

Continuing research on Quaternary deformation in the San Andreas fault
system for a planned volume summarizing current geologic and geophysical
knowledge of the fault system.

Research and review of work by others on the tectonic setting and earth-
quake potential at Diablo Canyon Power Plant (DCPP), near San Luis Obispo,
California. Activities are in an advisory capacity to the Nuclear Regu-
latory Commission (NRC) and are chiefly to review and evaluate data and
interpretations obtained by Pacific Gas and Electric (PG&E) through its
long-term seismic program.

Serve (ex-officio) on Policy Advisory Board, Bay Area Earthquake Prepared-
ness Project (BAREPP). A joint project of the State of California and the
Federal Emergency Management Agency, BAREPP seeks to further public aware-
ness of earthquake hazards and to improve mitigative and response measures
used by local government, businesses, and private citizens.

Results

1.

First draft of San Andreas Quaternary paper is about 607 complete; text,
excluding introductory and concluding sections, 1s essentially complete,
but most illustrations remain to be done.

Participated in several field and workshop reviews related to DCPP and
provided oral and written review comments to NRC. Coordinated USGS ef-
forts to gather reflection and refraction data during PG&E work near DCPP
and obtained partial funding for acquisition of deep crustal data by in-
vestigators in Branch of Seismology and Branch of Atlantic Marine Geology.

Provided informal oral and written data, analysis, and recommendations to
BAREPP and other Policy Advisory Board members on geologic, seismologic,
and management issues relating to earthquake hazard mitigation in the San
Francisco bay region,

Reports

Brown, Robert D. Jr., and Kockelman, William J., 1986, Editorial -- geologic

principles for prudent land use: a decisionmaker's responsibility?:
Environmental Geology and Water Seiences, v. 8, no. 4, p. 173-174,
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Investigations

1.

.‘.

Late Quaternary activity along the Lone Pine fault, Owens Valley,
California (L.K. Lubetkin, USFS, M.M. Clark, S. Beanland, K.K. Harms, and
S.K. Pezzopane.

2. Recently active traces of the Calaveras fault at San Felipe Creek (J.W.
Harden, Harms, Clark, Pezzopane, C.L. Terhune, Beanland).

3. Parkfield studies (J.L. Lienkaemper).

4. Holocene slip rates, Hayward fault (Lienkaemper).

5. Chalfant Valley earthquake of July 21, 1986 (Lienkaemper, Pezzopane,
Clark).

6. Mt. Lewis earthquake of 31 March, 1986 (Pezzopane, Clark).

Results

Further investigation of the Lone Pine fault indicates that of the three
events that offset the 10,000 to 21,000 year-old abandoned outwash fan of
Lone Pine Creek, the oldest probably occurred slightly before abandonment.
1872 right-lateral component of displacement was apparently 4-6 m; dip
slip component was 1-2 m. This additional information changes our
previously reported average recurrence interval for the three earthquakes
from 3,300-10,500 years to 5,000-10,500 years, and our average slip rate
to 0.4-1.2 mm.yr for the Lone Pine fault.

If we add the 1872 horizontal slip component for the Lone Pine fault of
4-6 m to the 1872 horizontal slip of 2.7-4.9 m reported for the adjacent
main Owens Valley trace, the resulting total 1872 right-lateral slip
component for the Owens Valley fault zone at Lone Pine is about 6-1/2 to
11 m, a very large value. If we assume 1872 was a characteristic
earthquake, the associated average horizontal slip rate for the Owens
Valley fault zone at Lone Pine is 0.6-2.2 mm/yr. Addition of the smaller
dip slip component does not significantly increase these values.
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Some fluvial deposits along San Felipe Creek have been displaced by the
Calaveras fault near the northern end of Anderson Reservoir. Other
deposits were deposited in response to lateral and/or vertical movement of
the fault. We excavated thirteen backhoe pits to analyze the degree of
soil development on each of six surfaces affected by faulting. We
described twenty-four soils. We will use Harden's soil development index
to assign ages to the surfaces. Two of these deposits yielded four 14¢
samples that we will submit for radiocarbon dating. The resulting ages
will be combined with displacements to yield late Quaternary siip rates
for this section of the Calaveras fault.

In the preliminary analysis of the smallest stream channel offsets between
Cholame Valley and Bitterwater Canyon, to the southeast, the highest
quality sites with small offsets average about 6.1 m right-lateral slip.
Given a deep crustal slip rate of 3.3 cm/yr, it would take 56 more years
to accrue sufficient strain for 6.1 m of surface slip, assuming that a
characteristic earthquake model is correct.

Aerial photos have now been flown at 1:2400-scale for this entire section
of the San Andreas fault zone and will serve as the basis for several
methods of more detailed analyses of these channel offsets. One method is
the compilation of digital topographic maps from these photos by USGS
Astrogeology in Flagstaff. Permanent (benchmark) picture points to
control these digital maps will also serve to monitor future slip.

Four trenches dug parallel to the Hayward fault at Fremont City Library
exposed a buried gravel channel that correlates reasonably well across the
fault. The current estimate of right-lateral slip, 28+/- 7 m, may change
significantly after further trenching in Spring 1987 to map the piercing
points in detail as they approach the fault. The age of the channel will
be constrained by carbon-14 dates on charcoal 1ying stratigraphically
above and below the channel. A preliminary minimum age, 1500-3500 yr BP,
has been estimated for the soil formed on silty flood deposits that
overlie the gravel channel, on the basis of similarity to dated soils
nearby (Borchardt, this volume). From these preliminary data we compute a
range of slip rate of 6 to 23 mm/yr since about 2500 yr BP. This range is
grossly in accord with the 6 to 8 mm/yr creep rate for this segment of the
Hayward fault. However, we may not yet conclude that the creep rate is
1ikely to be lower than our late Holocene s1ip rate, because our age
control postdates the time of channel formation; thus 6 mm/yr is not a
strict minimum rate. We must wait for 14C results before drawing even

the most tentative conclusions about a Hayward fault earthquake cycle.

The Mg 6.2 Chalfant Valley earthquake occurred in the Volcanic Tableland
north of Bishop. It was preceded by a large foreshock and several large
aftershocks. This earthquake sequence was accompanied by surface rupture
along more than 10 km of the White Mountains frontal fault zone with as
much as 11 cm of right-lateral slip across the zone.
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On.the Volcanic Tableland, we found dominantly left-stepping surface
ruptures along six fault zones that form a larger right-stepping system.
These six major zones were 2 to 7 km long each and ranged in trend from
340 to 347°, roughly similar to the overall trend of the White Mountains
frontal zone fractures, 350°. Because the dominant fracture trend in the
tableland was about 355°, several degrees clockwise from the zone trends,
we infer that the large openings of fissures in loose sand probably
represented a few centimeters of right-lateral slip in the Volcanic
Tableland fault system.

OQur field investigation of the rugged epicentral area of the M 5.3 Mt.
Lewis earthquake revealed no evidence of surface rupture. On one narrow
ridge, intensified shaking moved boulders and cobbles horizontally to new
positions. Geomorphic features that suggest Quaternary faulting, such as
benches, hillside valleys, deflected channels, linear valleys, and notches
are abundant in the epicentral area. Some of these features are alined
N-S, parallel to fault strikes indicated by focal mechanisms and
aftershocks of the earthquakes. Although these alined features could be
the surface expression of Quaternary faulting, most could also result from
lands1iding, or differential weathering acting on 1ithologic boundaries,
joints, faults, and shear zones in the chaotic Franciscan Formation that
occupies the epicentral area and locally has N-S structural fabrics.

Both the nature of the Franciscan Formation and the presence of rapid
uplift and erosion in the epicentral area 1) make plausible either
concentrated or diffuse tectonic displacement near the ground surface, and
2) make difficult the job of identifying small late Quaternary surface
faulting, if it exists.

Reports
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DETAILED GEOMORPHIC STUDIES TO DEFINE LATE QUATERNARY
FAULT BEHAVIOR AND SEISMIC HAZARD, CENTRAL NEVADA SEISMIC BELT
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Karen Demsey, Philip Pearthree, William B. Bull,
Julia Fonseca, Suzanne Hecker, and Oliver Chadwick
Department of Geosciences
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Tucson, Arizona 85721
(602) 621-6024

Project goals

Central Nevada is a region characterized by active seismicity and historical
faulting. Our study includes detailed geomorphic investigations used to
determine the timing, distribution, and behavior of late Quaternary faulting
in this region. The geographic extent of the original study area has expanded
to include more northerly and easterly portions of the central Nevada seismic
province. Detailed studies of the faulting history in several subareas are
being made in order to develop geophysical models to assess past, present, and
future earthquake activity in this broad extensional tectonic regime.

Investigations

The most recent detailed study of 1late Quaternary fault history for the

project has focused on the Wassuk mountains in west-central Nevada. The
Wassuk Range, adjacent to Walker Lake, lies near the western margin of the
Basin and Range province. Its eastern, fault-bounded flank is characterized

by steep, linear mountain-piedmont junction and active fan deposition,
suggesting a tectonically active mountain front. Although the range-bounding
fault zone has not ruptured historically, evidence for recurring late
Quaternary earthquake activity may have important implications for the safety
of nearby communities such as Hawthorne, Schurz, and the Hawthorne Army
Ammunition Plant.

Faulted late Quaternary alluvial surfaces provide data for fault-scarp
morphology and soil studies, which are the principal geomorphic tools used to
constrain ages of ruptured and unruptured surfaces. Wave-cut and depositional
shoreline features formed during the latest Pleistocene highstand of Lake
Lahontan (approx. 12 ka B.P.) are preserved in both bedrock and alluvium. The
shoreline remnants serve as time lines for distinguishing Holocene (post-
Lahontan) surfaces, and as topographic features for estimating amounts of
Holocene faulting and associated tectonic uplift.

Fault scarps formed on several ages of piedmont surfaces document recurrent
Holocene offset along the Wassuk mountain front. Scarps formed during the
most recent event are relatively steep and sharp-crested, and cross-cut
topographically low geomorphic surfaces that display little soil profile
development. Older Holocene surfaces were additionally offset by an earlier
faulting event, and composite scarps occur on some of these surfaces. At one
locality in the northern portion of the range there is evidence for a third,
earlier Holocene faulting event, which formed scarps only on the earliest of
the Holocene surfaces.
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Topographic profiles of the alluvial fault scarps along the Wassuk range are
being analyzed using solutions to the diffusion equation, similar to the model
of Hanks et al (1984), to obtain morphologic age estimates for the scarps.
Recent studies indicate that the rate and processes of scarp degradation are
dependent in part upon initial scarp height. Accordingly, the analysis of the
fault scarps utilizes a degradation rate coefficient (c*) which is adjusted to
account for scarp height (see Pierce and Colman, 1986).

Soil development on faulted and unfaulted alluvial surfaces was characterized
in the field to establish a chronosequence for the Wassuk soils. The relative
ages of the soils in the chronosequence can be quantified using the Maximum
Horizon Index (MHI) of Harden (1982). This index has been applied
successfully in other tectonic geomorphic studies in central Nevada (Hecker,
in press; Fonseca, in press). Organic deposits and volcanic ashes were found
in several of the Wassuk soils. These will provide absolute age control of
the so0il chronosequence, allowing ages of the surfaces to be estimated and
timing of faulting events to be bracketed independently of age estimates
provided by fault-scarp morphologic analyses.

The elevations of the latest Pleistocene Lahontan highstand shoreline remnants
were surveyed along the length of the mountain front. Deformation of this
initially horizontal datum will be used to estimate the total amount of
Holocene uplift along the mountain front and to estimate fault offsets where
the shoreline features cross fault zones. This analysis will complement
estimates of Holocene uplift rates determined from the displacements of
alluvial surfaces at the fault scarps.

The results of this geomorphic study of the Wassuk range-bounding fault will
be used to evaluate the lengths of prehistoric surface ruptures, the timing of
the events, and the potential seismic hazard associated with the fault zone.
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The Use of Radiocarbon in Paleoseismic
Investigations on the San Andreas Fault
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(408) 996-4774

Objective:

This research project is designed to evaluate and reduce
uncertainties inherent in the use of radiocarbon dates for
recurrence interval and slip rate determinations on active
faults. Field investigations will focus upon Dogtown, a
site on the San Andreas fault in Marin County, California,
that has yielded evidence for three pre-1906 ground-rupturing
events. Attempts to bracket their ages have been frustrated
by wide-ranging radiocarbon dates for sedimentary layers cut
by the fault.

Results:

Subsurface excavations at Dogtown indicate three pre-1906
ground rupturing earthquake events. In 1979 the youngest
detrital charcoal age for a stratigraphic horizon dislocated
by all ground ruptures resulted in an initial recurrence
frequency estimate of 217 to 455 years. Assuming a maximum-
value for ages used in these calculations, we concluded that
each earthquake was probably of the 1906-type and that large
magnitude earthquakes were probably characteristic of the
northern segment of the San Andreas fault. We believed these
large seismic events probably recurred about every 200 years
(Cotton and others, 1982).

Later radiocarbon ages from detrital wood in a stratigraphic
horizon also cut by the three pre-1906 ruptures require a
significant modification of the 1979 view. The three pre-1906
earthquakes are now thought to have occurred during an interval
of 186+30 years, and therefore, probably were not 1906-type
seismic events causing ground ruptures of four to five meters
displacement. Our revised conclusion about paleoseismicity

at Dogtown is that the three pre-1906 earthquakes were in the
magnitude range of 6.5 to 7.0 and each may have produced ground
ruptures of 2 meters or less, an amount consistent with the
magnitude and rupture length record of strike-slip events in
California (Wallace, 1970). The conclusion that three non-
characteristic earthquakes (i.e., not like the 1906 earthquake)
occurred at Dogtown prior to the large 1906 event is also
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consistent with the historic record of ground rupturing earth-
quakes on the San Francisco Peninsula where temblors with esti-
mated magnitudes of 6.5 to 7.0 were reported in 1838 and 1865.

Our most recent interpretation suggests that the recent regional
rate of strain accumulation across the San Andreas fault at
Dogtown is about 2.2cm/year. Such a rate would accumulate ap-
roximately 2 meters of strain during the average maximum recur-
rence frequency interval as deduced from the Dogtown area
trenches. Because this recurrence frequency is probably a
maximum value, the actual ground displacements were likely

less. Such displacements are consistent with the ground
displacements expected from magnitude 6.5 to 7.0 earthquakes.

An important conclusion follows from the recognition that the
San Andreas fault experienced several magnitude 6.5 to 7.0
earthquakes prior to the Mg=8.25 event of 1906. If this be

a typical pattern of seismicity, then the recurrence frequency
between 1906-type earthquakes is significantly longer than

most researchers have previously concluded. Current estimates
for strain rates in the Dogtown region of about 2.2cm/year imply
that approximately 230 years is required to build up enough
strain to trigger a 5-meter slip event such as occurred in 1906.
Add to this the time necessary to accumulate sufficient strain
to accommodate several magnitude 6.5 to 7.0 earthquakes, and

the recurrence frequency for 1906-1ike earthquakes is extended
to the 350 years range. As has been suggested by Ellsworth and
others (1981), an interval of 50 years to 100 years or more of
increased seismic activity with Mg=6.5 to 7.0 earthquakes might
be the precursor to the next great earthquake on the San Andreas
fault in northern California.
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Investigations

1.

2.

1.

Age and deformation of Pleistocene marine strandlines and deposits in the
San Pedro/Long Beach area, Los Angeles County, California.

Intra- and inter-shell reproducibility of amino-acid analyses in
Saxidomous. This experiment is designed to refine correlations and age

e . . . - -
estimates of emergent marine strandlines using amino-acid analyses from

fossil marine shells.
Coseismic uplift near the Mendocino triple junction.

Assisted G. Plafker in an investigation to determine the time interval
between the 1964 earthquake and the previous large earthquake on Montague
Island and at Cape Suckling in the Gulf of Alaska. We measured
stratigraphic sections of emergent marine sediments and collected wood and
shell samples for 14C dating.

Amino-acid dating of fossil shells from marine sediments in east and
west-central Japan. Near Tokyo the Jizodo, Semeta, Kamiizumi and Narita
formations form a nearly continuous depositional sequence ranging in age
from about 300 ka to 100 ka. Shells from the older Naganuma formation
dated at about 600 ka extend the range of this study. Shells from various
horizons in this independently dated (tephra) sequence provide a means of
evaluating the amino-acid technique over a time period relatively devoid
of fossils along the west coast of the United States. Uncertain
stratigraphic correlations in this highly deformed sequence are also being

_Checked.

Results

As a first approximation, it was assumed that the uppermost marine
deposits (both surface and subsurface records) throughout the Los Angeles
Basin correlated and were about 120 ka in age. Amino-acid data indicate
this assumption is incorrect. The ages of the uppermost marine deposits
vary from 120 ka to at least 300 ka. Also, the 120 ka sea-level highstand
did not cover the entire basin, but was restricted to coastal areas near
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the present shoreline and to narrow gaps presently occupied by the
floodplains of major rivers. Consequently, the Palos Verdes sand as
defined by Woodring does not occur northeast of the Newport-Inglewood
fault (on the crest of Signal Hill, for example) as assumed by other
workers. The youngest stratigraphic horizon that extends across the fault
extensively and, therefore, forms a useful tectonic datum is probably
about 300 ka in age.

Initial amino-acid data from well-preserved fossil Saxidomous in growth
position indicated that the emergent marine platform at IsTa Vista near
Santa Barbara was cut during the 40 ka sea-level highstand. The tectonic
implications of this relatively young age estimate were very important.
If correct, this age estimate yielded an uplift rate of 1.3 m/ka (very
high for the California coast) and a similar slip rate (vertical
component) on the More Ranch fault, which offsets the platform. However,
geologically this age estimate was problematical; it was much Tower than
age estimates on the same platform to the east and west. More detailed
amino-acid analyses of the Saxidomous fossils show that ALO/150 ratios
vary significantly depending on which shell layer is sampled. The new
amino-acid data indicate the age of the Isla Vista platform is 85 ka or
105 ka, which is consistent with geologic constraints in the area. A
growing body of data indicates that individual shells of most genera can
yield highly variable amino-acid ratios because each structural layer
within the shell has a unique amino-acid composition. Consequently,
serious systematic errors can be introduced in sampling and cleaning
fossil shells for analysis. The problem is most acute in large shells
because representative samples are difficult to obtain. The most
consistent results are obtained from whole small shells or from uncleaned
samples of large shells that include all structural Tlayers. Surprisingly,
systematic bias and scatter in the data are minimized by not cleaning
samples.

Up to nineteen Holocene emergent marine strandlines record rapid tectonic
uplift (maximum 4.0 m/ka) over the past 5 ka between Cape Mendocino and
Big Flat south of the Mendocino triple junction. If all of these
strandlines were of coseismic origin, the minimum average earthquake
recurrence interval would be about 250 yr. However, many of these
emergent strandlines are cobble berms that probably record major storm
events, not tectonic uplift events. The six distinct strandline terraces
in the area probably represent the minimum number of uplift events over
the past 5 ka. Consequently, the maximum average recurrence would be
about 830 yr. and the maximum average uplift would be about 3 m.
Unfortunately, each strandline terrace cannot be dated independently,
consequently, the pattern of uplift (time predictable or displacement
predictable) cannot be determined.



4., At McCleod Harbor on southern Montague Island, Alaska, emergent bay
sediments up to 7 m thick appear to record only the 1964 uplift event over
the last 1.3 ka. At Cape Suckling emergent marine sediments are so thin
or are so poorly exposed that no meaningful interpretation of earthquake
interval can be made.

5. Preliminary amino-acid data from Saxidomous follow relative ages in the
Jizado to Narita sequence in east-central Japan with only minor
discrepancies; some of these discrepancies may indicate that accepted
stratigraphic correlations are incorrect. Several genera including
Glycymerous, Pecten and Callista yield internally consistent data that
agree with the data from Saxidomous.
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and

T. K. Rockwell
Geology Department
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San Diego, CA 92182
(619) 265-4441

Investigations

Load structures and intrusion structures in lucustrine sediments in
Kern Lake at the southern end of the San Joaquin Valley were described
under previous U. S. Geological Survey Contract 14-08-0001-16791 (Lamar
and others, 1979ab). The structures are similar to earthquake-induced
structures described by others. Truncation of the deformed structures by
the base of the soil and a local unconformity indicate that deformation
occurred in two distinct events. Figure 1 illustrates an intrusion
structure truncated by the unconformity at 87 cm depth; a subsequent event
caused the intrusion structure to be reactivated and penetrate the uncon-
formity. Efforts to date the deformation events under the original
contract yielded ambiguous results which prompted the current investiga—
tion,

Under the current contract the earthquake deformed structures were
again exposed in a test trench and the sediments were sampled for organic
material at six locations and the samples were sent to the University of
Arizona for carbon 14 dating.

Results

The carbon 14 dates relative to the earthquake deformation structures
are illustrated in Figure 1. One sample yielded insufficient carbon for
dating and the 42,620 years B.P. age is believed to be from reworked carbon
of unknown origin and not representative of the time of deposition of the
lake sediments. The other four samples yielded fairly consistent results
which indicate that the structures formed in lake sediments between about
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1400 and 2500 years B.P. Kern Lake was active until 1891 when flow into the
lake was intercepted and directed into Buena Vista Lake to the west, thus
it was expected that the carbon 14 dates would yield younger ages for the
earthquake deformed structures. The test pit was located south of the
recent lake shorelines at an average elevation of 282 feet; the carbon 14
dates indicate that deposition in this area ceased about 1400 years ago.

The deformation structures clearly demonstrate two earthquake shaking
events in the southern San Joaquin Valley between about 1400 and 2500 years
ago. The most probable causitive faults are the San Andreas, White Wolf
and Garlock faults. The dates of the events are too imprecise and old to
allow correlation with earthquake sequences established along the San
Andreas fault by Sieh (1984) and Sieh and Jahns (1984).
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STUDY OF SEISMIC ACTIVITY BY
SELECTIVE TRENCHING ALONG THE
SAN JACINTO FAULT ZONE, SOUTHERN CALIFORNIA
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and
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Investigations: The objectives of this investigation include
determination of the Holocene slip rate and timing of the most
recent earthquakes on the Clark fault strand of the San Jacinto
fault zone. This strand shows the most convincing geologic
evidence of Holocene movement and the largest cumulative dis-
placement of any on the San Jacinto fault zone; however, it has
not experienced a ground-breaking earthquake in historic time.

Results: Four slip-rate determinations have been made during the
current study. Charcoal from fine-grained alluvium interpreted
to have ponded behind a shutter ridge was dated at 28,650+980
years B.P. This date and the offset from the shutter ridge yield
an estimated slip rate of 6-18 mm/yr. Alluvial fan deposits are
offset about 200 m, as indicated by the offset of an abandoned
channel which incises the fan deposits. The age of the fan
deposits has been estimated by soil profile development to be
16,500+3000 years old, yielding an estimated slip rate of 10-15
mm/yr. Charcoal from the upper part of the stream gravels in the
abandoned channel was dated at 3860+110 years. This date and the
minimum offset of the stream channel of 48 m yield a minimum slip
rate of 12 mm/yr. Another previously reported date (Rockwell et
al, 1986) from fine-grained alluvial deposits interpreted to be
displaced ponded sediments yields a minimum slip rate for the
last 9500 years of 9+1 mm/yr, but allows for a much larger slip
rate. Collectively, these estimates bracket the slip rate on the
Clark fault north of Anza at 12-17 mm/yr for the last 30,000
years. At least one ground-breaking event has occurred in the
last 730+60 years, as indicated by a carbon 14 date from sedi-
ments displaced by one of several strands of the fault at Hog
Lake.

Reports: Rockwell, T.K., P.M. Merifield, and C.C. Loughman,
1986, Holocene activity of the San Jacinto fault in the Anza
seismic gap, southern California, Geol. Soc. Am., Abstracts
with Programs, vol. 18, no. 2, p. 177.



I-3

MORPHOLOGIC DATING OF FAULT SCARPS
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Investigation

A one dimensional diffusion model successfully predicts the pattern
of degradation observed on some hillslopes. According to this model,
the downslope flux of debris per unit width of contour at a point on a
hillslope profile, g, is proportional to the profile’s gradient at that
point or

q = -c %% (1)

where ¢ is a constant of proportionality and x and y are the horizontal
and vertical coordinates respectively. The rate of lowering at a point
on the profile is equal to the downslope divergence of the volumetric
debris flux:

2
=c 3y (2)
t sz

=K

where t is time. Numerous investigators have determined the morphologic
age, tc, of hillslopes by matching the observed profiles with profiles
predicted by the diffusion model (morphologic dating).

To determine the age of a hillslope, its morphologic age must be
divided by c. Because ¢ may be influenced by the character of the
colluvial and vegetation covers, the local climate, and the direction in
which the hillslope faces (aspect), an appropriate value of ¢ should be
determined for each hillslope to be dated from an analysis of a nearby
hillslope of known age. Dated hillslopes are seldom available, limiting
the applicability of morphologic dating.

This study investigates the effect climate, vegetation, underlying
material, and aspect have on ¢ by examining hillslopes of known ages
that are underlain by a variety of different materials, in a variety of
climatic regions, and having a variety of aspects. If the influence of
these factors on ¢ could be determined with sufficient accuracy, an
appropriate value for c could be estimated directly by measurement of
the factors, ellmlnatlng the need for a hillslope of known age.
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Results

An extensive set of profiles taken from the same aged terrace
scarps near Jenny Lake Junction in Grand Teton National Park (GTNP),
Wyoming (Fig. 1) yields morphologic ages ranging over two orders of
magnitude (Fig. 2). The morphologic ages for each terrace scarp are
unrelated to their known relative ages but instead appear to be deter-
mined by the scarps” offset, a relationship first defined by Pierce and
Colman (1986) for terrace scarps in central Idaho. Because t is the
same or nearly the same for all of these scarps, the variance in mor-
phologic age must result from variation in c. The observed relationship
between scarp offset and morphologic age is nearly linear. This linear
relationship may be used to normalize the morphologic age of each scarp
to its morphologic age if it had an offset of two meters (Fig. 3). The
decision to normalize to an offset of two meters is arbitrary but two
meter high scarps are quite common. The same tendency for morphologic
age to increase with scarp height was observed at another study site in
GTNP but the linear relationship predicts negative morphologic ages for
low scarps (Fig. 4). Because negative morphologic ages are not possi-
ble, the relationship between tc and offset can not be linearly at low
offsets.

The small variation in vegetation density and the size and sorting
of colluvial material within each study site has no observable effect on
morphologic age. Contrary to the findings of Pierce and Colman (1986),
scarp aspect also appears to have little or no effect on c (Fig. 3).

The wide age limits for the studied scarps makes comparison of c values
between the different study sites difficult. Using an age of 15,000 to
17,000 years for the terrace sequence at Jenny Lake Junction (GTN;) s
suggested by Ken Pierce (USGS, Denver) yields c = 0.37-0.42 x 107~ m“/yr
for a scarp with a two meter offset. Analysis of scarps carved by tge
Bonneville flood(s) near Pocatello, Idaho yields ¢ = 1.64-1.75 x 10~
m“/yr for a scarp with a two meter offset if Scott et al.’s (1982) age
of 14,000-15,000 years is assumed for the flood.

Despite the fact that the rate of scarp degradation probably can
not be predicted with the diffusion model if a constant c is used, the
model does accurately predict the pattern of morphologic change. Sev-
eral other models were tested in which q was assumed to be proportional
to the gradient raised to some power. None of the alternate models
match the observed morphology of the scarps or the rate of degradation
any closer than (2).

The apparent insensitivity of c to scarp aspect, underlying mate-
rial, and vegetation cover is encouraging and supports Hanks and i
Wallaces’s (in press) suggestion that a value of ¢ = 1.0 x 10-3 m2/yr
may be applicable over wide areas in the southern Basin and Range
province. The strong tendency for ¢ to increase with scarp offset is
distressing and should be investigated thoroughly. Although morphologic
dating still holds considerable promise for determining the age of fault
and terrace scarps, until the nature of ¢ is better understood, such
dating should be done with caution.

A PC program, SLOPEAGE, for morphologic dating was written for use
with this contract and is available from the authors. The program is
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less restrictive than other morphologic dating techniques.
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Figure Captions

Figure 1. Map of the Jenny Lake Junction study site (GTNP).

Figure 2. A strong correlation between scarp offset and morphologic age
is observed at the Jenny Lake Junction study site (GTNP).
Differences in morphologic age are unrelated to the relative
ages of the terraces.

Figure 3. Although there may be a slight tendency for aspect to affect
the normalized morphologic age at the Jenny Lake Junction
study site (GINP), the tendency is not nearly as strong as
that documented by Pierce and Colman (1986).

Figure 4. A fairly strong correlation between scarp offset and morphol-
ogic age is observed at the Teton Point Turnout study site
(GINP). Extrapolating the linear relationship to lower scarp
offset yields negative morphologic ages (an impossibility).
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(213) 620-3560

Investigations

The State of California only recently has approved expenditure of the funds for
trenching and other excavation work planned. At this writing on October 7, 1986, a
detailed budget is being prepared for final allocation of funds for carrying out the
work. While awaiting approval of funds for the excavation work, the portion of the
contracted work involving geologic field mapping has continued.

Results

Detailed mapping between Hardluck Canyon and Castaic continues to provide
evidence that lateral slip along the San Gabriel fault is small, in contrast to findings
of previous studies. For example, Crowell (1982, p. 28-29) calculates that only about
2.5 km of right slip occurs along a segment of the principal strand of the fault zone in
the Hardluck-Beartrap canyons area, between 7 and 13 km southeast of its
northwestern terminus. Crowell (1982, p. 29) concludes, however, that "much larger
displacements" took place on the Piru fault, a branch of the San Gabriel fault zone
that lies to the southwest of the principal strand. Mapping by the writer shows, in
contrast, that the Piru fault appears to be at least partly a depositional contact along
which relatively minor faulting has taken place. The segment of this fault about 7
km southeast of the northwestern terminus of the San Gabriel fault zone dips only
about 30° northeast. Furthermore, clasts of gneiss in Violin Breccia in fault contact
there with Precambrian gniess to the southwest appear to be derived from that
gneiss. It appears unlikely, therefore, that large right slip has taken place along the
Piru fault, and that total right slip along the San Gabriel fault zone in the
Hardluck-Beartrap canyons area is no more than 2.5 km.

Just northwest of Castaic, near the mouth of Violin Canyon, mapping shows that
the San Gabriel fault zone is a throughgoing structure, as exposed along the ground
surface. It is not overridden from the west by rocks of the Towsley Formation alon
an eastward extension of the Santa Felicia fault mapped by Yeats and others (1985
and Stitt (1986). No such fault can be observed within 1.5 km west of the San Gabriel
fault.
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Investigations

Seismic reflection profiling, in concert with other geophysics and
geology, is being used to examine crustal structure between the California
Coast Ranges and the Sierran foothills (see map, p. 149, USGS Open-File Report
85-22 for location of profiles; line CC-2 extends 30 km further into the
Sierra Nevada than shown).

1. Contrary to earlier assertions, processing of reflection lines CC-1 and CC-
2 continued.

2. Interpretation of CC-1 and CC-2 continued, in concert with adjacent
refraction profiles and coordinated gravity and magnetic modeling.

3. Work on basement configuration was extended in preliminary fashion to the
Sacramento Valley (with Jachens and Griscom).

4, Revision of the Wentworth/Zoback chapter for the Coalinga professional
paper was completed.

5. Tentative consideration of the tectonics of the Parkfield, CA region began
(with Jachens and Simpson).

Results

1. Tt was discovered that the prominence and evident continuity of events
in reflection lines CC-1 and CC-2 was highly sensitive to playback
parameters, particulary gain (AGC). Greatly improved record sections have
now been produced, after considerable experimentation, in which
reflections are clearly evident beneath the basement surface in the Great
Valley on CC-1 and at shallow depth in the Sierran foothills on CC-2.

2, Consideration of CC-1 and CC-2 together yield evidence of eastward-directed
obduction, both in assembly of the Sierran foothills and in emplacement of
the Franciscan assemblage farther west. East-dipping structure in the
Foothills metamorphic belt seems to be expressed in the reflection record
there, and seems to persist westward beneath the Great Valley where a
first order boundary indicated by magnetic and gravity modeling also dips
eastward. These upper crustal features are underlain by strong, west
dipping (35°) reflections that seem to represent a mid-crustal zone of
thrusting that, in turn, obliquely truncates underlying layered
structure, Beneath exposed Franciscan rock at the west end of CC-1, a
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narrow band of reflections at the base of 5.8 km/s rock obliquely
transects abundant horizontal events and rises gently eastward. 1In depth
section, this band is aligned with the base of a 5.5-5.7 km/s layer that
forms the uppermost basement in the Great Valley to the east. We suggest
that this upper basement layer is an eroded remnant of Coast Range
ophiolite that extends westward beneath the Franciscan, but because of its
similar velocity is indistinguishable there from the overlying

Franciscan., Exposed Coast Range ophiolite underlies a depositional base
of the Great Valley sequence at several places in the eastern Coast Ranges
and could have been variously overridden or peeled up with the Great
Valley sequence by eastward thrusting of the Franciscan wedge.

The surface of crystalline basement beneath the San Joaquin Valley that is
reached by the drill dips gently westward. About three-quarters of the
way westward across the valley, according to refraction and reflection
profiles, this surface steepens westward, and reaches a depth of 15 km
beneath the easternmost Coast Ranges. This steepening is spatially
associated with a west-facing gravity gradient that extends the length of
the Great Valley. Computer location of the steepest part of this gradient
(using Magspot) demonstrates this association and predicts the location of
the breakover along the western side of the Sacramento Valley. The young
Dunnigan Hills anticline near Woodland lies just west of the implied
breakover and may, like Coalinga anticline, be a product of eastward-
directed thrusting that abuts a shallowing basement.

The Stockton arch at the northern end of the San Joaquin Valley is defined
by the northeastward-trending Stockton fault and, to the southeast, by
erosional truncation of gently southeast-dipping strata beneath a mid-
Tertiary unconformity. The implied structural arch or southeastward tilt
is not, however, expressed in the surface of underlying crystalline
basement. This fact seems to require either that the arching resulted
from supra-basement thrusting -- perhaps northward-directed thrusting in
the early Tertiary, to couple with the revised, up-to-the-south movement
of the Stockton fault at that time -- or that the southern flank of the
arch is simply the result of a major sedimentary thickening of Cretaceous
strata beneath the apparent arch. Participation in the Parkfield
Drilling Workshop at Asilomar, fall, 1986, demonstrates the need for a
synthesis of the regional tectonic setting of the Parkfield reach of the
San Andreas fault as part of the current studies of the impending
Parkfield earthquake. Preparation for the workshop, using Dibblee's
1:62,500 geologic maps and available gravity and magnetic surveys, yielded
exciting questions and a very stimulating cartoon of structure in the
region., We find that large subsurface masses of serpentinite and high
density rock can be inferred adjacent to the Parkfield reach of the San
Andreas and that only the western boundary fault consistently truncates
geophysical features along its length., Major cross-cutting structures
trend toward both ends of the Parkfield fault reach from the east.
Abundant evidence of compression perpendicular to the fault, inecluding the
Coalinga thrusts only 35 km to the northeast, complicates a simple strike-
slip view. Deformational behavior of the blocks east and west of the San
Andreas is strikingly different. Our attempt to draw a crustal cross
section through the Coalinga and Parkfield hypocenters raises major
anatomical and kinematic questions.
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Comparative Study of the Neotectonics of the Xianshuihe Fault, China
Grant No. 14-08-0001-G1088

Clarence R. Allen
Seismological Laboratory, California Institute of Technology
Pasadena, California (818-356-6904)

Objectives

The purpose of this study is to investigate, together with Chinese
colleagues from the Bureau of Seismology of Sichuan Province, the Xianshuihe
fault of western Sichuan. This structure is among the world's most active
faults, having producing 3 earthquakes during this century exceeding magnitude
7 along a 200-km length of the zone. At least 6 such events have occurred
since 1725. In the more limited 60-km-long segment between Luhuo and Daofu,
major earthquakes in 1923, 1973, and 1981 (M = 73, 7.6, 6.9) were associated
with overlapping surficial fault ruptures, and with individual left-lateral
displacements as large as 3.6 m. Specific objectives of the study include the
questions of (1) whether the current burst of activity is typical of late
Quaternary activity, (2) whether the high degree of activity of the fault
could be readily ascertained from physiographic features even in the absence
of the historic record, and (3) a comparison of neotectonic features of the
Xianshuihe fault with those of other active strike-slip faults in China and
elsewhere.

Results

The Principal Investigator, together with Caltech graduate student
Zhou Huawei, visited China from 8 May to 20 June 1986, and, with superb
cooperation from the Sichuan Bureau of Seismology, we were able to spend about
one month in the field along the Xianshuihe fault. The principal Chinese
participants were Luo Zhuoli, Director of the Sichuan Bureau, and geologists
Qian Hong and Wen Xueze. These scientists will visit the United States during
November and December, at which time our final report will be put together.
At the moment, we are still waiting for the results of Carbon 14 dating, which
will be critical in establishing a slip rate for the fault.

The Xianshuihe fault is remarkably well exposed and is intermittently
easily accessible throughout the 300-km-long segment from Moxi on the south-
east to near Ganze on the northwest, and most of this segment was visited
during this study. Physiographic features of recent faulting are even more
obvious than along much of California's San Andreas fault, owing to (1) the
recent ground-rupturing 1923 and 1973 earthquakes, (2) the fact that frequent
magnitude 7-73 events may give rise to fresher appearing geomorphic features
than infrequent magnitude 8 events, even at comparable or lower slip rates,
(3) the fact that several of the recent earthquakes have occurred in mid-
winter, rupturing the frozen ground in a blocky, truly spectacular manner, and
(4) the high altitude (to 4300 m) and relatively dry climate (av. precip. 600
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mm/yr), which tend to preserve geomorphic features of late Quaternary fault-
ing. En-echelon fractures associated with the 1973 Luhuo earthquake (M =
7.6), which was associated with lateral displacements of up to 3.6 m, still
appear remarkably fresh. Moreover, individual en-echelon cracks of the 1923
earthquake (M = 73), centered farther southeast, are also still visible, as
are, questionably, cracks associated with the 1893 event still farther
southeast near Laoqianning (M = 6-3/4). Progressing even farther southeast,
en-echelon fractures resulting from the 1955 '"Kangding earthquake'" on the
Zheduotang fault are also still clearly visible. We were able to document
overlapping ruptures from several of these events to a greater extent than
previously thought. Much of the fault physiography is reminiscent of that of
the San Andreas fault in California's Carrizo Plain, and the fault could,
almost of first glance, be identified as having a high degree of activity as
compared, e.g., to the Red River fault of Yunnan Province.

Various offset geologic features hold promise of yielding Carbon 14
dates and will hopefully permit assignment of an accurate slip rate to the
Xianshuihe fault. Among these features are offset terrace risers, offset
stream-channel fillings, and offset glacial moraines. The moraines, in
particular, are cleanly displaced and represent the latest Pleistocene ice
advance; four of these moraines were identified and three were visited and
sampled during this study. The fact that some cultural features near Luhuo
(e.g., terraced field edges) are offset at least twice as much as the dis-
placement observed nearby during the 1923 earthquake suggests that the burst
of seismicity during this century represents ongoing activity, probably
characteristic of late Quaternary time. Identification of these various
offset features would have been virtually impossible without the use in the
field of excellent vertical aerial photographs.

The northwestern 180-km-long segment of the fault is relatively
continuous and simple, with a single major active trace and without major
step-overs. Almost all of this segment is easily accessible, because the main
Chengdu-Lhasa road follows the fault-controlled rift valley. South of
Laogianning, the recent trace abruptly terminates, and its place is taken
locally by a fault of different orientation with a large normal component of
displacement. Still farther southeast, between Laogianning and Kangding,
several sub-parallel branches of the fault are present within the 12-km-wide
fault zone, and one of these branches apparently broke throughout its entire
25-km length during the 1955 earthquake, of M = 7.5. Southeast of Kangding,
the fault again is marked by a relatively simple single trace, at least as far
as Moxi; this segment of the fault probably last broke in 1786 (M 2 73) and
represents a particular dangerous segment of the fault at the present time.

One of the most intriguing aspects of the Xianshuihe fault is the fact
that creep is currently occurring along parts of it, and this has been
particularly well documented by Chinese investigators near Xialatuo and Luhuo.
But it is still not clear whether this slip represents after-creep of the 1973
earthquake, which was centered in this area, or whether it represents continu-
ing creep similar to that on parts of the San Andreas fault. The presence of
creep along parts of the Xianshuihe fault, taken together with its high degree
of historic seismic activity, overlapping ruptures, segmentation, excellent
exposures, and relatively good accessibility, make it a particularly promising
feature for earthquake-prediction and hazard-evaluation studies.
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Investigations of late Pleistocene and Holocene Thrust Faulting in Coastal
California north of Cape Mendocino.

14-08-0001-61082
Gary A. Carver and Raymond M. Burke
Department of Geology
Humboldt State University
Arcata, CA 95521
{707) 826-3931

Investigations

1. Trenching and detailed analysis of selected sites on thrust faults in
coastal northern California.

2. Field and 1aboratory analyses of catenas formed on scarps developed
on terraces offset by thrust faults.

Results

Trenches were excavated across well defined scarps of the Mckinieyville,
Mad River, and Little Salmon faults in coastal Humboldt Co., California.
Each fault was investigated where it displaces a late Pleistocene or
Holocene terrace and exhibits geomorphic, structural, and stratigraphic
relationships pertinent to the faults paleoseismicity. Carbon samples
obtained from key stratigraphic positions on the Mckinleyville and Little
Salmon faults have been forwarded to a dating laboratory. Soils of the fault
scarp related catenas exposed in the trenches were described and sampled.
Laboratory analysis of the soil samples has been started.

Summary of trench sites

Mckinleyville Fault- Blue Lake site:

During this study the Mckinleyville fault was trenched where it displaces a
fluvial terrace of the Mad River near the town of Blue Lake. The trenches,
placed across a prominent 6 meter high scarp, exposed an 18-to-24 degree
northeast dipping thrust fault displacing river terrace gravels and an
overlying floodplain sequence. The overlying sequence consists of well
stratified lacustrine silts, overbank floodplain silts and sandy gravels, and
several scarp-derived colluviums. Wood, peat, and charcoal were obtained
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from saverel of the lacustrine, floodplain and colluvial units for
radiometric dating. Geomorphic position of the terrace and soil
development on the terrace sediments suggest a latest Pieistocene or early
Holocene age for the terrace gravels, lacustrine silts, and floodpiain
stratigraphy, and a late Holocene age for the colluviums.

The fault is traceable to within 0.8 meters of the ground surface, and
displaces floodplain sediments of the hanging wall a minimum of 3.3
meters over a distinctive colluvium and zonal soil in the footwall. We
interpret this displacement to represent the minimum slip resulting from
the 1ast faulting event. In addition to fault displacement, anticlinal folding
of the hanging wall contributed to the development of the scarp. Beds above
the fault plane dip as steeply as 45 degrees toward the footwall within 10
meters of the fault, and are overturned within 2 meters of the fault plane.
Angular unconformities within the floodplain stratigraphy in the hanging
vrall and between older, more deeply buried scarp-derived colluviums in
the footwall suggest at least 4 slip events of similar displacement {*3.5
meter per event) have occurred since the cutting of the terrace. Total dip
slip displacement of the terrace gravels is “ 12 meters.

Mad River fault- School road site:

During this study the northernmost imbricate strand of the Mad River fauilt
vwas trenched where it displaces a late Pleistocene Marine terrace about 1
km inland from the coastline. The trench exposures show the near surface
expression of the fault is a sharp overturned anticline. The terrace abrasion
surface, cut into Franciscan complex lithologies, and the terrace cover
deposits, including an abrasion lag of rounded and polished cobbles and
boulders, and a well stratified sequence of marine terrace sands and
gravels, provide datums traceable across the fold. The overturned limb of
the fold contains the overturned terrace abrasion surface, abrasion lag, and
terrace cover deposits with an overturned zonal soil preserved in the cover
deposits.

Six well defined scarp-derived colluvial wedges, each with a basal stone
line consisting of cobbles eroded from the abrasion lag, extend downslope
from beneath the overturned limb of the fold. The anticline is interpretated
to represent a fault propagation fold at the tip of a shallow blind thrust. A
fault tip exposed below the lowest colluvial wedge in one trench dips to
the northeast at 20 degrees. Each of the colluvial wedges is about 1.5 m
thick at its upper end where it terminates against the overturned fold limb.
These colluvial wedges are interpreted to represent colluvial sheets shed
from the scarp crest after slip events and associated growth of the fold.
Preliminary calculations of the amount of slip, on a 25 degree dipping



I-4

blind thrust, necessary to generate the fold growth represented by the
colluvial wedges is about 3.5 m per event. Because only one of three
principal imbricate thrusts of the Mad River Fault was investigated , the
magnitude and number of slip episodes interpretated reflects a minimum
for the paleoseismicity.

Littie Salmon fauit- Little Salmon Creek site:

During this study, a site in the lower Little Salmon Creek valley where the
flat valley floor is vertically offset across a zone of scarps, troughs, and
mole-track like ridges was investigated in detail. The site is located on the
western of two traces of the Little Salmon Fault. The valley floor of Little
Salmon Creek is composed of silty floodplain sediments graded to the
present margin of Humboldt Bay; thus it is interpreted to be late Holocene.

The sediments exposed in the trenches are well stratified and include
sequences of thinly 1aminated lacustrine silts. The scarps, swales, and
ridges correspond to large open folds and small 10-to-30 degree northeast
dipping thrusts developed in the valley fill sediments. The deformation
encompasses a zone approximately 80 meters wide. The valley floor is 8
meters higher on the northeast side of the zone. A distinctive laminated
Jacustrine silt unit was traced in the trench exposures across the deformed
zone and found to be at 1east 12 meters higher on the northeast side. Well
stratified floodplain silts and sands overlay the lacustrine marker unit on
the downdropped southwest side of the deformation zone and onlap the
lacustrine unit in the flank of the folds. The folds and faults are
interpreted to represent deformational structures resulting from slip at
the tip of a shallow northeast dipping burried thrust, with most of the slip
accommodated at the surface by folding. Preliminary analysis of the
structures in the valley fill sediments suggests at least 25 meters of slip
on a 25 degree dipping blind thrust is required to generate the structures
found in the trenches. The amplitude of the folds is greater for lower
stratigraphic levels exposed in the trenches and the higher units in the
floodplain sequence show depositional onlapping on the uplifted structures,
indicating growth of the structures during the depositional history of the
valley.

The youngest floodpiain sediments are elevated more than 2.6 meters
across the deformation zone and cut by a single thrust fault which extends
to within 0.6 meters of the surface, the depth of active bioturbation. This
floodplain unit buries the base of existing redwood tree stumps, and has an
extremely weak soil development. The evidence thus suggests the last slip
event occured within the last few hundred years and involved as much as 6
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meters of slip. Wood and charcoal collected from key stratigraphic
positions have been submitted to a dating lab.

Soil Catenas. To date, 28 soil profiles have been descibed from backhoe
pits and trenches across the three fault scarps in an effort to establish
pedologic and geomorphic variations down scarps of various ages.
Preliminary analysis of the field data has been completed and laboratory
analyses have begun. Soils were described in five catenary positions along
the slope from the crest to the toe of the scarp. In all cases, the crest and
shoulder positions appear to be areas of erosion while toe and footsiope
positions appear to be areas of deposition. Soils formed on backslope
positions appear to be formed in sites of erosion above the trace of the
fault, but in sites of depositon below the trace of the fault. This
complexity of soil development is increased with depostion off the scarp
which is formed either by the fault or the associated fold in the upper
plate.

Soils on the Mckinleyville fault are generally A/Bw/C profiles except in
the toe position where only an A/C profile is expressed. The soils near the
upper end of the slope are complicated by the colluvial units but there is o
noticable lack of buried soils suggesting a fairly short time between
colluviation events. Because the original stratigraphy of the surficial
units can still be recognized and are not invalved in bioturbation of the
surface soil, the total time of soil development is suggested to be late
Pleistocene to Holocene in age.

Soils formed on the Mad River fault scarp are like those of the catena
formed on the Mckinleyville feult scarp. The similar catenary relationships
and the similer degree of soil development suggest similar ages for the
formation of the two scarps. The soils of the Mad River scarp appear to
represent slightly more total weathering and thus slightly more total time.
There are weak,but distinct, buried soils in the colluvial units associated
vith the stone lines giving support to the idea of & measurable amount of
time between colluvial {and thus slip) events. As mentioned above, there
does appear to be a partially preserved soil which is overturned in the
fold of the upper plate.

Soils formed on the catena of the Little Salmon fault scarp are extremely
weak profiles with only A/C development throughout the slope. There are
some buried units in the lower backslope position which have retained an
A/C profile similar to the surface soil development. These suggest there
has been a similar amont of time between the depostion of these units.
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Paleoseismicity of the San Gabriel Fault
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Objectives:

Our goal is to establish a Holocene chronology of faulting along the Rye Canyon
segment of the San Gabriel fault near Valencia, California. Radiocarbon ages
for a number of post-Pleistocene alluvial horizons, in conjunction with fault-
dislocation measurements for a variety of geologic piercing points, hold the
potential for slip-rate determinations. In addition, the sense of slip on the fault
during Holocene time can be established by subsurface exploration of buried
paleogeomorphic features, as well as by excavations to expose fault-gouge
slickensides and associated striae.

Results:

1.

28 24" bucket auger borings enabled us to contour the surface of a
paleoridge that is buried beneath Holocene alluvium. The ridge is truncated
by the active surface of the San Gabriel fault. Across the fault the
paleoridge was exposed by a deep bulldozer cut during field work in prior
years. The ridge axis has been offset between 15 feet and 21 feet in a right-
lateral sense, with a dip-slip component such that the southwest side of the
fault is up between 2 feet and 5 feet with respect to the northeast side.

A paleochannel located to the immediate south of the paleoridge is also
offset in an oblique-slip manner. The right lateral component is 18.6 feet,
with the southwest side up 5.5 feet.

Slickensides and associated striae exposed on fault-gouge surface were
measured at plunge angles of between 14 and 300, with the prominent and
most frequently observed values in the 20916° range. This describes the
dip-slip component of what has been dominantly right-lateral movement
during the Holocene Epoch on the near-vertical San Gabriel fault. Such a
dip-slip component is consistent with the offsets observed on the paleoridge
and the paleochannel described above.

A preliminary slip-rate determination of approximately .6 mm/yr. is sug-
gested by the amount the paleoridge and the paleochannel have been
displaced during Holocene time, assuming that alluvial burial of these
paleogeomorphic features began at the close of the Pleistocene Epoch.
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5. Additional field work remains. It will investigate dislocated stratigraphic
horizons that are younger than the exhumed paleochannel, and collect from
them charcoal to be used for slip-rate determinations.

Publications:

Cotton, W.R., 1986, "Holocene Activity of the San Gabriel Fault, Valencia,
California", The Geological Society of America, Cordilleran Section,
Abstracts with Programs, 18 (2):96.

Cotton, W.R., 1986, "Holocene Paleoseismology of the San Gabriel Fault,
Sangus/Castaic Area, Los Angeles County, California", in Neotectonics and
Faulting in Southern California (Guidebook and Volume), GSA, Cordilleran
Section, 82nd ann. mtg., p. 31-41.
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Obijective: Investigate tectonic framework, geometry, and
uplift rates associated with folding on upper plates of
buried reverse faults. Study sites are Wheeler Ridge, San
Emigdio Canyon, and the Los Lobos folds near Bakersfield,
California.

Results: Active tectonics at the Southern end of the San
Joaquin Valley is demonstrated near the piedmont area of the
San Emigdio Mountains at Wheeler Ridge and San Emigdio
Canyon. Rates of uplift derived from 14-C dates on deformed
alluvial surfaces from the latest Pleistocene and Holocene
to present along the piedmont are approximately 2 to 4
mm/yr.

Wheeler Ridge anticline is actively forming on the
upper plate of a buried thrust fault system. The rate of
uplift associated with folding, from latest Pleistocene and
Holocene to present at Wheeler Ridge is about 1.4 mm/yr.
Immediately south of Wheeler Ridge, the San Emigdio
Mountains are being uplifted at the front by the active
Pleito fault at a rate of about 0.5 mm/yr. (Hall, 1984).
Therefore, the combined rate of uplift along the piedmont is
about 2 mm/yr. A paleosol is offset vertically,
approximately 26 m along the Pleito fault (Hall, 1984), and
this soil is folded over the Wheeler Ridge anticline with a
minimum of 90 m of vertical displacement. This soil at
Wheeler Ridge is estimated to be 90 to 150 ka, suggesting
that total uplift since late Pleistocene is close to
2 mm/yr.

At San Emigdio Canyon the mountain front has migrated
several km northward since late Pleistocene time, as
delineated from detailed geomorphic evaluation of the San
Emigdio Canyon alluvial fan. Radial profiles of the oldest
(buried) fan segment places the late Pleistocene position of
the fan apex at an intramontane mountain front that
coincides approximately with the location of the Pleito
fault. Radial profiles of younger segments point to the
present active mountain front. These relationships are
shown on Figure 1. At San Emigdio Canyon, the Pleito fault
is no longer active and active deformation is presently
along the range bounding Wheeler Ridge and Los Lobos faults.
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Their presence is indicated by active folding and subsurface
data. Holocene rates of uplift due to folding above the
concealed Wheeler Ridge and Los Lobos faults are
respectively 2.0, 1.6 mm/yr., providing a combined rate of
3.6 mm/yr. for the front.
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1986) .

173



I-4

Paleomagnetism of the Neogene Saugus Formation, Transverse
Ranges, California: Timing and Deformation Rates
of Potentially Active Faults

14-08-0001-G1155
Shaul Levi

Geophysics, College of Oceanography
Oregon State University
Corvallis, Oregon 97331

(503) 754-2912

Background:

We are continuing paleomagnetic investigations of the Saugus Formation
in Los Angeles County, California to determine tectonic movements, timing
and deformation rates associated with potentially active faults. Our
previous studies have shown that the Saugus in this area was deposited
during the Matuyama and Brunhes chrons (Levi, et al., 1986).

Results:

1) 1Initial paleomagnetic results were obtained from six Saugus sedimentary
beds in the Horse Flats syncline, where the uppermost Saugus reflects

coeval uplift of the Santa Susana Mountains (Saul, 1975) and initial movement
of the Santa Susana Fault (Yeats, 1979). Our results to date indicate that
three sites have normal polarity. The data from the remaining units is
difficult to interpret, as their remanence may reflect overprinting.

However, there are no indications of reversed remanence at any of these sites.
At present we interpret these results to indicate that the uppermost Saugus
sediments at the Horse Flats syncline were deposited during the Brunhes

chron and therefore are younger than 0.73 Ma, implying that their uplift

and folding has occurred since that time.

2) Additional Saugus sites (including the Sunshine Ranch Member) were
sampled along the Van Norman Lakes, and the paleomagnetic measurements are
currently in progress.

3) In the San Gabriel block we sampled the Saugus exposed in Soledad Canyon
along the Southern Pacific railroad tracks adjacent to and northeast of the
San Gabriel Fault to study the effect of the fault on tectonic rotationms.
Paleomagnetic measurements of these units are not yet completed.
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Grant No. 14-08-0001-Gl1164

T.K. Rockwell
J.F. Brake
R.S. McElwain
Department of Geology
San Diego State University
San Diego, CA 92182

Objectives

The objectives of this investigation are to further con-
strain the timing of slip events, the displacement per event, and
a slip rate on the Glen Ivy North strand of the Elsinore fault
zone in Temescal Valley through a detailed study of the faulted
late Holocene stratigraphy at Glen Ivy Marsh.

Results

Recent work has concentrated on determining lateral offset of
specific channels and other features. Of particular note is the
lateral offset, totalling about 50 cm, across two strands within
the fault zone which moved only during the 1300 A.D. earthquake;
some plastic deformation probably also occurred but the extent of
this has not yet been determined. In addition, two historical
features, a concrete flume and a terra cota pipe, are offset
laterally by the fault. The flume, offset about 30 cm, is
probably pre-1900 and may have experienced offset during the May
1910 earthquake. The pipe was emplaced circa 1914 and,. inasmuch
as there have been no earthquakes since then to account for the
+20 cm of lateral slip, there appears to be a component of creep
along this section of the fault. Studies are now focusing on the
location and documentation of other displaced historical
features.
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Very Precise Dating of Earthquakes at Pallett Creek,
and Their Interpretation
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(818) 356-6115

Recent improvements in radiocarbon dating afford the
opportunity to date more precisely the 12 paleocearthquakes
recorded along the San Andreas fault at Pallett Creek,
California. With Minze Stuiver at the University of
Washington and David Brillinger at the University of
California at Berkeley, I am attempting to date more
precisely these earthquakes. Two-sigma uncertainties for
dates of individual earthquakes are on the order of 100 years
at the present time. We hope to reduce the uncertainties for
most of the earthquake dates to 30 years or less. This
should enable us to recognize patterns of earthqguake
recurrence and to determine more precisely what variability
exists in the actual recurrence intervals. From these more
precise earthquake dates the probability of a great
earthquake in the next couple decades can be determined with
more confidence.

At the end of the first year of this grant (August,
1986), Minze Stuiver had completed analysis of the first
suite of samples, and David Brillinger and I had begun
statistical analysis of the sample dates. Our preliminary
assessment of the data is that we will indeed be able to
narrow the dating imprecision of several of the prehistoric
earthquakes. For example, event "I" appears to be
constrained to 1003 + 27 A.D. The average value for the last
9 recurrence intervals is 131 + 2 years. Of these 9
intervals, the two which follow the two smallest slip events
(events I and N) appear to be no longer than a few decades.
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Very Precise Dating of Earthquakes at Pallett Creek,
and Their Interpretation

14-08-0001-C1083
Minze Stuiver

Department of Geological Sciences and Quaternary Research Center
University of Washington, Seattle, WA 98195, (206)545-1735

Objective: High precision radiocarbon dating, with age errors less than
two decades for samples up to 5000 yrs old, is applied to the organic
deposits of the stratigraphic section at Pallett Creek. This section
contains the record of twelve large earthquakes. The radiocarbon dating
project is part of the Kerry Sieh and David Brillinger project described
elsewhere in this volume. The ultimate goal is to discern patterns of
earthquake recurrence ard to determine more precisely any variability in
actual recurrence intervals and the probability of a great earthquake in
the next couple of decades.

Data Acquisition and Analysis: Same thirty odd samples have been measured
so far. For most samples, the radiocarbon age errors (one standard
deviation) are between 12 and 18 yr. These errors are based on the
reproducibility of the measurements, and thus represent the full
uncertainty of the measuring process. Realistic error assigmment is
important because the prevalent use of counting statistics to calculate
radiocarbon errors may underestimate the error by up to a factor of two.
To determine recurrence intervals in oalendar years, a radiocarbon age
ocalibration curve is used for the conversion of the radiocarbon ages. A
high precision calibration curve is needed (Stuiver and Pearson,
Radiocarbon 28,805-838,1986). For our Pallett Creek samples, the maximum
range of calendar years campatible with one standard deviation in the
radiocarbon age averages 45 oalendar years. Probability distributions
within these ranges also play a role. A more detailed assessment of these
distributions on earthquake prediction will be made by D. Brillinger and
K. Sieh.




Oak Ridge Fault, Ventura Basin, California: Slip Rates and
Late Quaternary History
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Department of Geology
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(805) 653-5556

Thomas K. Rockwell
Department of Geology
San Diego State University
San Diego, California 92182
(619) 265-4441

Investigations

Carbon samples from the Bardsdale trench and the Saticoy Country Club
trench were collected and submitted for dating by T.K. Rockwell. The soils
in these trenches were also collected and described in detail by Rockwell to
assess the age of the deposits exposed in the trenches. Gary Huftile com-
pleted a study of the recently-discovered Chaffee Canyon o0il field which has
new well-control points on the Oak Ridge fault. Robert Yeats determined
rates of vertical separation on the Oak Ridge fault from 4 Ma to the present
day. Mapping of the western Montalvo mound was completed by Russ Van Dissen
and John Powell, building on the earlier work of E. A. Hall, and the soils
were described by T. K. Rockwell.

Results

Charcoal recove 2d from faulted alluvial-fan sediments in a trench at
Bardsdale yielded a =~ C age of 2010 * 145 years. The soils in this trench
have an A/Cox profile and are similar to other late Holocene soils in the
Ventura basin. Normal-fault separation of this deposit is 1.7 to 2.0 m and
apparently occurred as a single event (see previous report in Summaries of
Technical Reports v, XXII (O.F.R 86-383), p. 196-201).

Charcoal was also recoveredl£rom an in situ burn zone in the Saticoy
Country Club trench, yielding a ~ C age of 30,300 * 750 years. The soil
developed in the overlying alluvium is consistent with this date and helps
further constrain the age of undated fine-grained soils in the Ventura basin.
The alluvium is not faulted and is apparently not warped. This is signifi-
cant in that the trench was excavated across an air-photo lineament which is
on the eastern extension of the Ventura fault.
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Soils developed in fine-grained alluvium (Saugus Formation; fluvial
facies) in the Montalvo mounds are stronger than the dated fine-grained soil
at Saticoy, which suggests a greater age. These soils are folded and have
dips as high as 20°; bedding in the Saugus dips as high as 40° (Hall, 1982).
Lab data on the soils will help provide a relative age between the soils
described in this project and other dated soils in Ventura basin, thereby
providing an approximate age of the Montalvo mound alluvium.

Vertical separation rates have been calculated for the Oak Ridge fault
from the coast east to Shiells Canyon from the time of beginning of Pico depo-
sition to the present day. Rates are based upon the following age assump-
tions: Repetto-Sisquoc contact, 4 Ma; top of Repetto, 3 Ma; Microfaunal
Horizon 5, 1 Ma; base of Saugus (San Pedro), 0.65 Ma; top of Saugus, 0.2 Ma,
It can be demonstrated that the top of the Saugus dated by amino-acid age
estimates (Lajoie and others, 1982) is close to the top of the section in
the Santa Clara valley to the south (see Fig. 6 of Yeats, 1983 and Fig. 8,
10, and 11 of Yeats, 1982). 1In addition, the upper Saugus can be correlated
by electric log across the trough to the Oxnard Plain on the hanging wall of
the Oak Ridge fault and eastward in the trough to Saticoy. The age of
youngest Saugus in the east Ventura basin is 0.4 Ma based on magneto-
stratigraphy calibrated by the Bishop tuff (Levi and others, 1986), suggest-—
ing that the top of the Saugus does not become much older eastward. The
thickness of post-0.2 Ma gravels cannot be determined in the footwall block
between Santa Paula and Piru because the Saugus there is flat-lying, and its
lithology is similar to that of the overlying gravels. However, where
Santa Clara River deposits locally overlie beds strongly deformed along the
Oak Ridge fault or south~dipping strata on the north flank of the Santa Clara
syncline, the river gravels rest with angular unconformity on these deformed
strata, and their thickness can be determined: 40-50 m near the Bardsdale
trench and 390 m in the Union-SPS 1 well in the city of Santa Paula. Separa-
tion rate curves now include these river gravels in the Saugus and are,
accordingly, too high for the Saugus and too low for the last 0.2 Ma. If the
top of the Saugus is considered to be at the base of the 390 m of flat-lying
gravels in the Union-SPS 1 well, the vertical separation rate for the Saugus
at South Mountain is 2.3 mm/y, and the post-Saugus rate is 11.1 mm/y. The
post-Saugus rate is probably at least this high farther east, at Shiells
Canyon. )

Vertical separation rates are shown in Figure 1. Two trends are
apparent: an increase in separation rates for the last 4 m.y., and an
increase from west to east. Rates for the Repetto are 0.5 to 1.1 mm/y,
for the remainder of the Pico, 0.6 to 2.3 mm/y, for the Saugus 1.4 to 7.5
mm/y, and for post-Saugus time, O (in the coastal plain west of Oak Ridge)
to more than 11 mm/y from South Mountain eastward, taking into account the
flat-lying gravels in Union SPS 1 as younger than Saugus. The post~Saugus
rates show a sharp inflection west of Oak Ridge, whereas the older rates
increase monotonically from west to east. What is the reason for this? One
explanation may be that the post-Saugus slip vector trends northeast, as sug-
gested by Yeats (1976), whereas older slip vectors trend more northerly. A
northeast slip vector would be nearly parellel to Oak Ridge fault strike in
the coastal plain and more normal to fault strike east of South Mountain.
This would explain the Montalvo pressure riedges as formed by almost pure
left-lateral strike slip.
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Analysis of USGS Local Seismic Network Data for Earthquake Prediction
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Keiiti Aki
Center for Earth Science
Department of Geological Sciences
University of Southern California
Los Angeles, CA 90089-0741
(213) 743-3510

Objective. Seismicity quiescence preceding large earthquakes has attracted
many investigators, because many examples have been identified and it could be
a very important intermediate-term precursor for earthquake prediction. The
purpose of this study is to clarify the magnitude threshold dependence of the
observed seismicity patterns and propose a physical basis for such dependence.
The same basis may be related to observed coda Q change before large
earthquakes, which is the major topic under study in this project.

Data Analysis and Results. Different temporal variations of seismicity
pattern preceding the same large earthquakes are sometimes reported by
different investigators. For examples, both quiescence and increased activity
are reported in the epicentral areas of the 1952 Kern County and 1971 San
Fernando, California earthquakes (Kanamori, 1981; Ishida and Kanamori, 1978,
1980; Wesson and Ellsworth, 1973). In our study, we used the Caltech Catalog
and Reasenberg's (1985) method to remove aftershocks. In this method,
aftershocks are identified based on the earthquake interaction process which
is modeled with one spatial and one temporal parameter. With the identified
aftershocks removed, the cumulative number of events from the epicentral area
of the coming large event vs. time curve is plotted. Figure 1 shows such a
curve for the 1952 Kern County earthquake (M=7.7) with low cut-off magnitude
threshold M=2.0. We see that the seismic rate is almost a constant for 20
years from 1932 to 1952. There is a slightly quiet time period from 1941 to
1946. 1In five years before the 1952 main shock, the seismic activity is
increased compared with the normal trend before 1941. This is consistent with
Wesson and Ellsworth's (1973) analysis. When we change the cut-off magnitude
threshold to M=3.5, the curve appears very differently as shown in Figure 2.
There is an eleven years quiescence starting from 1941 before the main shock.
This is in general consistent with Ishida and Kanamori's (1980) and Kelleher
and Savino's (1975) analysis, who identified quiet period before the 1952 Kern
County earthquake to be 15 and 20 years respectively. A similar case was
observed for the 1971 San Fernando earthquake (M=6.4). The seismic activity
increased in the few years before the main shock when we choose the low
cut-off magnitude to be M=2.0. However, when the cut-off magnitude is M=3.0,
we found a 3 years quiet period starting from 1967. The most recent example
is the Oceanside San Diego earthquake (July 13, 1986, M=5.3). Hutton et al.
(1986, written communication) plotted the seismicity before this earthquake
with cut-off magnitudes M=2.5 and 3.0. Their figures show that the seismic
activity increased for M>2.5 and decreased for M>3.0 before the earthquake.
This cut-off magnitude dependence was also found by other investigators such
as Evison (1977) and Tsai et al. (1979) for the Inangahua earthquake (M=7.1)
of 1968 and for several moderate earthquakes in the eastern Taiwan.

We propose to explain the threshold magnitude dependence of seismicity
pattern before large earthquakes as a consequence of the slip-weakening
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friction law. In our previous work simulating seismicity with a slip
weakening frictin law, we (Cao and Aki, 1984) showed that quiescence of
seismicity before large earthquakes can be simulated by specifying relatively
large critical weakening slip. On the other hand, a recent study by Aki on
the frequency-magnitude relation for small earthquakes suggests distinctly
different parameters of the friction law between earthquakes with magnitude
greater than 3 and those smaller than 3. The critical weakening slip may
increase sharply with magnitude at around 3. Thus, our numerical simulation
can explain why the quiescence shows up only for earthquakes with magnitude
greater than about 3 and may indicate the physical basis for such cut-off
magnitude dependence of the precursory seismicity pattern.
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On-Line Seismic Processing
9930-02940

Rex Allen
Branch of Seismology
U.S. Geological Survey
345 Middlefield Road, MS 77
Menlo Park, California 94025
(415) 323-8111 ext 2240

Investigations and Results

During this period work was completed in adapting the Motorola VME/10 to
offline processing of the analog tapes produced by the fiveday recorders used in
aftershock studies. These tapes carry 6 seismic channels (3 components at high
and low gain), and two timing channels. This system is capable of digitizing and
saving the digital samples of all 8 channels at 100 samples per second, but pro-
cessing only the high-gain vertical for event detection. The tapes are played back
at a time compression of 20, requiring the system to deal with 16000 samples per
second realtime, and pushing some of the system components well past their
design limits. In particular, the Motorola A/D converters were found to be too
slow and required extensive modification of their control firmware to get up to
the required speed. Critical sections of the FORTRAN picker algorithm were also
hand optimized for efficiency and the system now meets speed requirements.

After processing an analog tape the digital record of the traces is written out
to a standard nine-track digital tape for further analysis on an offline system.
The plan here at Menlo Park is for this to be done on the CUSP offline system,
and Peter Johnson has written a program to deal with these tapes in the CUSP
environment. The tape format involves no multiplexing of traces or other tricky
shortcuts, so the tapes should be easily adapted to any other system with nine-
track 1600-bpi tape drives.

We have taken delivery on a new 68020-based development system and are
adapting the online Real-Time Processor to the new Hardware. When complete it
is expected to do the job now done by the Mk I RTP and also to save the digital
traces for offline analysis in the same way as the previously described 5-day sys-
tem.

Jim Ellis has continued work on the multiproject effort to develop new digi-
tal field instruments.

Sam Rodriguez has continued the good fight in maintaining the Mk I RTP’s
here at Menlo Park and at the University of Washington and the University of
Utah. He has steadily whittled away at problems as they have appeared, refining
the original hardware where required, and has succeded in making them quite
reliable, even though they are growing a bit long in the tooth by electronics
equipment standards.
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Crustal Deformation Observatory, Part F
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914-3359-2900

Investigations

1. The two 532 m long Michelson Tiltmeters at PFO exhibit different noise levels and long
term drifts. Since the signals are derived from two water level measurements and two deep
reference measurements at each end of each instrument it was considered mutually of interest to
introduce a short length of water pipe from the LDGO vault to the IGPP tiltmeter vault that
would enable the two instruments to be compared.

2. A new detector for a manual water level monitor has been examined. The set point is
determined by observing the null distortion of the water surface produced by a subsurface
pointer. A long term repeatability * 1 micron is sought.

3. A pair of float type water sensors from Wuhan, PRC has been lent to us by Chinese
colleagues for installation on the PFO tiltmeter. In exchange we have offered the Wuhan group
a pair of laser interferometer water level sensors.

4. A new M4 fringe counter is being developed for the laser interferometer detector. The new
electronics will provide a digital precision of 0.5 nanoradians in the LDGO tiltmeter.

5. The possibility of installing a pair of Michelson tiltmeters at Mammoth Lakes to monitor
subsurface magma chamber inflation and deflation has been investigated.

Results

1. Water pipes have been connected between PFO and LDGO tiltmeters. Micrometer sensors
are being constructed to enable a precise hydrostatic transfer between the end piers of each
instrument. The accuracy of this height transfer is anticipated to be better than +2 um at each

end, corresponding to a tilt comparison accuracy of 7.5 nanoradians between the two
tiltmeters.

2. Tests of the new detector show that it is possible to set the micrometer barrel repeatedly to

an accuracy of 1 um. The viewing assembly consists of a lens with a Ronchi ruling at its focus
on which an image of the ruling is superimposed after reflection from the water surface.
Fringes are absent when the micrometer tip is below the water surface but are dense when the
tip is close or in contact. Two possible set points may be chosen with the pointer at the point
of contact (with the water surface depressed by several microns) or with the pointer in contact
such that water surface distortion is minimal. The latter appears preferable; experiments to
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eliminate subjective setting of the set point continue.

3. New piers are being designed for the Wuhan instruments so that they may occupy the same
vault as the existing LDGO sensors.

4. The A/4 electronics are designed around a new (HP) processing chip that contains a built in
up/down counter, and associated logic circuity that replaces much of our existing discrete

circuity. The electronics for the interferometer have been tested and are now being laid outon a
single board.

5. The groundwork for a two axis water pipe tiltmeter at Mammoth Lakes has been completed.
To minimise ground disturbance in the area of the Inyo National Forest, authorities have
requested that the 1 km long tiltmeter pipe be buried beneath existing roads. Subsurface radar
and leveling surveys of a possible L-shaped route 800 m north of Mammoth Lakes airport
indicate that a single horizontal water pipe can be installed at an average depth of 1.5 m without
encountering in-situ rock. If this can be achieved it will be possible to monitor the surface tilt
vector with three sensors. Contracting work on pipe installation is anticipated to start soon.
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Remote Monitoring of Source Parameters for Seismic Precursors
9920-02383

George L. Choy
Branch of Global Seismology and Geomagnetism
U.S. Geological Survey
Denver Federal Center
Box 25046, Mail Stop 967
Denver, Colorado 80225
(303) 236-1506

Investigations

1. Teleseismic estimates of radiated energy and acceleration spectrum.

We are developing a method of computing radiated energy and acceleration
spectrum from direct measurements of teleseismically recorded broadband body
waves.

2. Rupture process of moderate-sized earthquakes. We are using digitally
recorded broadband waveforms to characterize the rupture process of selected
moderate-sized earthquakes. Broadband data have sufficient frequency
content to resolve complexities of rupture and to provide both dynamic and
static properties of the source.

3. Improvement of NEIC reporting services. We have developed a procedure
for routinely extracting some source parameters from broadband data and
incorporating these parameters and data into the flow of NEIC reporting
services.

Results

1. We have applied our algorithm for the computation of radiated energy to
large, shallow-focus earthquakes. Generally, indirect estimates of energy
(e.g., those using simplistic relations with moment) may overestimate energy
if the rupture process involves a sizeable component of aseismic slip. In
the frequency range 0.1-1.0 Hz, a teleseismically derived acceleration
spectrum compares very well with spectra from near-field accelerograms.

This implies that we can make routine estimates of strong ground motion from
large earthquakes with teleseismic data. The variation in the spectra of P-
wave acceleration from a suite of large, shallow-focus earthquakes ranging
in size from Mg 6.2 to Mg 8.1 suggests that the high frequency spectral
level is more strongly proportional to the asperity area than to the seismic
moment of an earthquake,

2. A study of the Yemen earthquake of 13 December 1982, has been
completed. This event was found to consist of two events that occurred 3 s
apart on a steeply dipping fault that trended NNW. The analysis of a suite
of Selected IASPEI events has been completed. This study showed that depth
phases could be easily and routinely read from broadband data.
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3. In contrast to conventional band-limited data, broadband data often

show the source-time functions of body waves very clearly. We are now
routinely reading depth phases from broadband data for all earthquakes with
my, > 5.8. Where data are sufficient an inversion for depth is made. The
data and the results are now routinely entered into the flow of NEIS
operations. Results are published in the monthly PDE as well as the EDR.

We are in the process of implementing a computer package that will enable us
to compute radiated energy as part of the routine NEIS operations.

Reports

Boatwright, J., and Choy, G.L., 1986, Teleseismic estimates of the energy
radiated by shallow earthquakes: Journal of Geophysical Research,
v. 91, p. 2095-2112.

1986, Acceleration spectra for subduction zone earthquakes [abs.]:
EOS (Transactions, AGU), v. 67, p. 310.

Choy, G.L., and Engdahl, E.R., 1986, Analysis of broadband seismograms from
selected IASPEI events: Physics of the Earth and Planetary Interiors,
in press.

Choy, G.L., and Kind, R., 1986, Rupture complexity of a moderate-sized
(mb 6.0) earthquake: Broadband body-wave analysis of the North Yemen
earthquake of 13 December 1982: Bulletin of the Seismological Society
of America, in press.
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Seismic Analysis of Large Earthquakes and Special
Sequences in Northern California

9930-03972

Robert S. Cockerham
Jerry P. Eaton
AM. Pitt

Branch of Seismology

U.S. Geological Survey
345 Middlefield Road, Mail Stop 977
Menlo Park, California 94025

(415) 323-8111, Ext 2963

Continued monitoring and analysis of the seismicity in the Mammoth Lakes
to Bishop area of Eastern California (R.S. Cockerham).

Collection and analysis of data from large earthquakes recorded by the

north?rn and southern California telemetered networks in support of (J. P.

Eaton):

a) development of better regional velocity models and associated station
corrections,

b) evaluation of magnitude calculations based on maximum amplitude and
associated period,

c) determination of regional variations in focal mechanisms of large
California quakes.

Review of historical and recent instrumental seismicity to identify the
probable source of 1892 Vacaville-Winters earthquakes (J. P. Eaton).

Reviey of the development of seismic and strain networks in Hawaii (J. P.
Eaton).

Compilation of a USGS Yellowstone seismic catalog covering the years 1964
through 1981 (A. M. Pitt).

Results

The overall spatial distribution of epicenters within the Mammoth Lakes to
Bishop area remained unchanged (Fig. 1) during this six month period
except for the Chalfant Valley sequence of July 1986 (discussed below; see
Fig. 1). This sequence occurred in an area that had had little seismic
activity before July 1986 (Fig. 2a). A notable temporal change in
activity (in addition to the Chalfant area) involved an increase in the
occurrence rate of earthquakes in the Sierran block just south of the
caldera beginning about mid-June (Fig. 2b). This increase began about one
month prior to the Chalfant Valley mainshock (M_ = 6.4) on 21 July.
Subsequent to this event the Sierran block occurrence rate decresed to a
level about the same as prior mid-Jdune (Fig. 2b). In contrast, within
Long Valley caldera the occurrence rate appears to have increased
s1ightly, beginning in early July and continuing through the Chalfant
Valley sequence (Fig. 3).
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Chalfant Valley sequence. At 1442 (UTC) on July 1986 a magnitude (ML) 6.4
earthquake shook the Bishop-Mammoth Lakes area of eastern California. The
hypocentral coordinates of the main shock are 37° 32.3'N 118° 26.6'W at a
depth of 11.2 km. This earthquake sequence was preceeded by a distinctive
series of foreshocks that began on 3 July and culminated with a ML 5.9
event on 20 July at 1429 (UTC). These foreshocks occurred a few
kilometers north of the main shock epicentral area. Following the
mainshock, the rate of earthquake occurrence decreased from several
hundred to about 50 events (M>1.0) per day as of 1 September. On 31 July
at 0722 (UTC) an aftershock of ML = 5.8 shook the area with an epicenter
12 km southeast of the mainshock. The foreshocks and aftershocks outline
a boomerang shaped area (Fig. 1) about 24 km in length and in 6 to 8 km in
width. The northern arm generally strikes N-S while the southern arm
strikes N25°W subparallel to the strike, N20°W, of the White Mountain
frontal fault zone (WMFFZ). Focal depths range from 4 km to 12 km and
shallow to the northwest and the southeast from the ML 6.4. Focal
mechanisms for the largest events on July 20, 21, and 31 exhibit
strike-s1ip motion: left-lateral strike- s11p on a nearly vertical planpe
striking N25° E, pure right-lateral strike-slip on a plane striking N25 W
and dipping 60 SW, and pure right-lateral strike-s1ip on a vertical plane
striking N25°W, respect1ve1y A projection of the preferred nodal plane
(N25°W) for the ML 6.4 event intersects the surface within 0.5 km of the
WMFFZ surface trace that showed up to 11 cm of right-lateral slip with no
net vertical offset observed.

The western edge of the Sacramento Valley north of Carquinez Straights is
marked by scattered earthquakes and low hills (folds) in the sediments of
the valley just east of the Coast Range/Great Valley (CR/GV) boundary.
The largest earthquake (M 4.3) along this zone between Antoich and
Williams during 1972-1985 appears to have occurred on a SW-dipping thrust
at a depth of about 12 km. This earthquake, as well as the large shocks
of the 1892 Vacaville-Winters sequence in the same region, occurred
beneath the low hills east of the CR/GV boundary. The gross similarity of
the geology and seismicity of the Winters-Vacaville region to that of the
Coalinga-Kettleman region encourages us to speculate that the 1892
Vacaville-Winters earthquakes occurred on hidden reverse faults along or
east of the CR/GV boundary 1ike those that produced the 1983 Coalinga
earthquake and the 1985 Kettleman earthquake.

A well-constrained focal mechanism has been obtained for another moderate
earthquake off the central California coast. The earthquake occurred at
00h 40m 22.95s UTC on July 8, 1986 at 36°03.7'N 121°50.5'W and about 12 km
depth. This location is 30 km south of Point Sur and about 20 km to the
west of the coast. It has an M_ of 4.6, based on amp1itudes measured on
low-gain stations of the USGS Central Ca11forn1a seismic network. One
nodal plane is well constrained (strike N30°W, dip 34°NE) and the other
(strike N30W, dip 56°SW) is well enough constra1ned to require that the
faulting be pr1mar11y reverse slip. Thus, the preferred interpretation
suggests that this earthquake occurred on a thrust fault striking N 30°W
and dipping 34°NE, and the continental upper plate was driven
southwestward over the oceanic lower plate in a direction approximately
perpendicular ot the adjacent coastline.

A catalog of earthquakes in the Yellowstone Park-Hebgen Lake region from
1973 to 1981 was completed and submitted for review. In addition to
hypocenters for approximately 6000 earthquakes, the catalog contains a
history of the USGS Yellowstone network, epicenter maps, frequency-
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magnitude plots, and a brief discription of the velocity model developed
from the earthquake data by Edi Kissling (ETH, Zurich, Switzerland). Work
is proceeding on a 1:250,000 scale map showing epicenters of the 1973-1981
events and of additional events occurring from 1964-1972. The older data
are derived from ISC phase data from stations out to 1000 km from
Yellowstone and from USGS nontelemetered seismograph stations operating
before the network was upgraded in 1973. A few large events, well
recorded by local Yellowstone stations, were used as master events to
determine station corrections for the stations reported by the ISC. This
map will show seismicity patterns for a 17 year period beginning in 1964,
The map will also show topography and traces of Quaternary faults.

Reports
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